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ABSTRACT  
Video and computer gaming addiction, also called gaming disorder and pathological 
gaming, is an emerging behavioral problem for adolescents. Previous studies have investigated 
the associated negative outcomes of this putative mental health problem, such as academic 
failure, physical and mental health problems, but findings have been inconsistent and have 
methodological weaknesses.  Most studies have been cross-sectional, which could not establish 
temporal order. Furthermore, the limited longitudinal studies found in this field failed to control 
for baseline health, mental health, academic achievement, gaming frequency and other 
confounding variables. Therefore, it is not known whether gaming addiction itself can cause long 
term negative consequences or whether gaming addiction is just associated with other problems. 
One of the main symptoms of gaming addiction is heavy gaming, defined by persistent 
and recurrent engagement in gaming for many hours. Even though some studies have 
investigated the association between heavy gaming and gaming addiction, there is no study 
focusing on how different cut-off points of heavy gaming predict long-term health, mental health 
and education outcomes differently. Therefore, it is unclear what cut points (i.e., number of 
hours of play) should be used to define heavy gaming.  
This study addresses the above gap by using a longitudinal design that tracked video and 
computer gaming from adolescence into young adulthood. Data analysis was performed using 
three waves of the National Longitudinal Study of Adolescent Health (1994-1995, 1996, 2001-
2002), a nationally representative panel study. Heavy video and computer gaming was defined as 
at least 21 hours/week usage on video or computer gaming, with additional usage cut-off points 
recorded at >35, 42 and 56 hours. A propensity score matching (PSM) method, adding school 
fixed effect and sampling weight components, was used to create two equivalent groups using 
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different cut-off points in Wave 2 based on 29 matching variables in Wave 1. Matching variables 
included: demographics, personal characteristics, parenting style, peer relationship, school 
attachment, community characteristics, as well as baseline conditions of health, mental health 
and education outcome variables. Then multiple regressions were used to predict Wave 3 (W3) 
health, mental health and education outcomes based on two equivalent groups created by PSM. 
Matched adolescent peers below each gaming usage cut-off point were compared to heavy users 
on W3 outcomes. All 29 matching variables were also included as controls. Conservative 
Bonferroni test were used in the above regression analysis.   
Results of fully adjusted multivariate analyses suggested that playing video and computer 
games 21 hours or more per week during adolescence was longitudinally associated with less 
likelihood of high school completion five years later (coef. =-.074, p<.001, effect size = -.206), 
higher likelihood of better self-reported health (coef. =.143, p<.01, effect size = .191), and less 
likelihood of obesity (coef. = -.084, p<.001, effect size =-.029). Playing video and computer 
games 35 hours or more per week was longitudinally associated with higher likelihood of better 
self-reported health five years later (coef. =.319, p<.001, effect size =.464), less likelihood of 
obesity (coef.=-.173, p<.001, effect size =-.454), less likelihood of marijuana use (coef.=-.222, 
p<.001, effect size = -.591), and more total years of education (coef.=.319, p<.001, effect size 
=.229). Playing video and computer games 42 hours or more per week was longitudinally 
associated with higher likelihood of better self-reported health five years later (coef.=.284, 
p<.001, effect size =.482), higher likelihood of depression (coef.=.227, p<.001, effect size =.731), 
less likelihood of conduct disorder (coef.=-.038, p<.001, effect size =-.427), and less likelihood 
of marijuana use (coef.=-.147, p<.001, effect size =-.468).  
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Based on these findings, it is not possible to provide one single cut-off for heavy gaming 
which serves as a risk indicator for long term negative consequences. Instead, this study provides 
a mixed picture: heavy gaming has both negative and positive effects on health, mental health 
and education outcomes.  Overall, findings showed that adolescents’ heavy video and computer 
gaming use, based on gaming behavior measured in 1996, was longitudinally associated with 
long term negative outcomes, such as less high school completion and higher likelihood of 
depression five years later. However, heavy gaming actually predicted less marijuana use after 
five years, which is different from previous studies. Furthermore, heavy gaming was associated 
with better health outcomes, which is also different from previous studies.   
Therefore, based on this study, heavy gaming is not merely a symptom of underlying 
mental health problems like depression; in the absence of baseline depression during adolescence, 
heavy gaming predicted depression in young adulthood. Moreover, the mixed findings, whereby 
heavy gaming induced both negative and positive outcomes, suggest that gaming addiction is not 
yet understood well enough to be a new category in the DSM-5. More research is needed to 
determine the exact nature and consequences of video game addiction, and because of the mixed 
results it is unclear at this time whether more or less video and computer game use should be 
recommended. Even though there appear to be some positive health outcomes associated with 
video game use, at least based on gaming options circa 1996, this study suggests that limiting 
gaming use to less than 3 hours per day may be beneficial during the formative years of 
adolescence, to reduce the risk of long term negative outcomes such as high school dropout and 
depression.  
 
 
iv  
  
 
 
 
 
 
To my family 
v  
ACKNOWLEDGEMENTS 
I feel very thankful for the past five years, which have been the happiest years in my life, 
because I was surrounded by so many wise and kind-hearted people, who supported me and 
helped me. 
I would like to express my deepest gratitude to my advisor Dr. Douglas Smith; with help 
from him I published my first book review and journal article, I presented my first conference 
paper,  and I learned the methods which I used in this dissertation. He guided me wisely and 
flexibly step by step toward success in the PhD program. My success is due to his wisdom, 
flexibility, encouragement and trust. He supported me at every critical stage of the PhD program, 
no matter how busy he was, always offering his help as soon as possible. He encouraged me to 
have independent ideas and his style of education is to illuminate and inspire. After his help 
preparing for the job market, I felt empowered. His words were always encouraging even during 
difficult time in the program, and he always accommodated my schedule. Without his 
unconditional support, I cannot imagine how I would have completed this dissertation. He is a 
wonderful advisor, from whom I wish I could learn more.  
I am also thankful and feel lucky for having been able to work with Dr. Janet Liechty, 
who genuinely has a loving heart towards students. Without her help on the national 
representative data for the past two and half years, it would have been impossible for me to finish 
my dissertation. She shared her resources and ideas willingly and selflessly with me. Her 
understanding and her encouragement helped me grow from an inexperienced student to an 
emerging scholar. Her careful guidance prevented me from making mistakes as a student that 
might ruin my future academic career and extended my insight to a higher level.  
vi  
I would like to express my thankfulness to Dr. Barry Ackerson, Associate Dean of our 
School. He supported me when I had difficulties in my internship, when I was eager to have 
some teaching experience, and when I struggled in my dissertation. He provided insightful 
recommendations for the implications and future direction for my research. 
I am also thankful to Dr. Joseph Robinson. He not only set up a high standard for the 
methodology in my dissertation, but also gave me adequate help to reach his expectations. 
Though very busy, Dr. Teresa Ostler helped me think deeply about the theory and implications in 
my research, and she helped refine my study and to consider different options for future research. 
Dr. Saijun Zhang’s unconditional help and thorough feedback prepared me very well for the 
prelim and dissertation defense.  
I would like to express my special thanks to Dr. Min Zhan, the current PhD program 
director in our school. I gained invaluable help and emotional support from her. I did not know 
how I could survive in the PhD program without her care and help, both personal and academic. 
The program is so lucky to have someone who is truly happy being a witness of students’ 
success.  
I am grateful for my daughter Abigail Fangwei Wang. I was very blessed to have her in 
my life while I worked on my dissertation. I am thankful for my husband Wenjiao Wang, who 
provided all kinds of support and encouragement during the past five years. I would like to thank 
my father Mingxing Liu and my mother-in-law Yinzhen Chai. Without their daily help and 
encouragement, I could not have finished my dissertation and PhD program on time. 
I also wish to thank my friends for their love and support, which helped me grow. 
Specifically, I am grateful to Jiyoung Kang, Minli Liao, Ningyan Wang, Shinwoo Choi, Yu-Ling 
Chiu, Seonmi Kim, Irene Wu, Marie Tang, and Hannah Hahn.
vii  
TABLE OF CONTENTS 
CHAPTER 1: INTRODUCTION ................................................................................................... 1  
Background and Significance ...................................................................................................... 1 
Purpose of this Study ................................................................................................................... 1 
Significance for Social Work Theory and Practice ..................................................................... 2 
Research Questions ..................................................................................................................... 3  
CHAPTER 2: REVIEW OF LITERATURE .................................................................................. 4  
Theoretical Framework ............................................................................................................... 4 
Empirical Studies ........................................................................................................................ 6 
Research Questions and Hypotheses ......................................................................................... 31  
CHAPTER 3: STUDY DESIGN AND METHOD ...................................................................... 32  
Overview of Research Design ................................................................................................... 32 
Data and Sample ........................................................................................................................ 32 
Variables and Measures ............................................................................................................ 33 
Data Analysis ............................................................................................................................ 48  
CHAPTER 4: RESULTS .............................................................................................................. 54  
Using 21 Hours as Cut-off Point ............................................................................................... 54 
Using 35 Hours as Cut-off Point ............................................................................................... 61 
Using 42 Hours as Cut-off Point ............................................................................................... 66  
CHAPTER 5: IMPLICATIONS AND DISCUSSION ................................................................. 74  
Summary of Findings and Interpretation .................................................................................. 74 
Limitations ................................................................................................................................ 77 
Implications for Practice ........................................................................................................... 79 
Implications for Policy .............................................................................................................. 83 
Future Research ......................................................................................................................... 84 
Summary and Contribution ....................................................................................................... 86  
REFERENCES ............................................................................................................................. 88  
APPENDIX: TABLES................................................................................................................ 100 
viii  
CHAPTER 1: INTRODUCTION 
Background and Significance 
Adolescent Internet and gaming addiction, including what has been called pathological 
gaming or gaming disorder, has developed rapidly and an emerging behavioral problem for 
adolescents in many countries (King, Delfabbro, Griffiths, & Gradisar, 2011). Internet and 
gaming addiction is defined as losing control to excessive gaming or Internet use despite 
negative consequences (Grant, Potenza, Weinstein, & Gorelick, 2010), and it is characterized by 
co-occurrence with mental health problems, physical health problems, and academic failure (H. 
Cao, Sun, Wan, Hao, & Tao, 2011; Carli et al., 2012; Salmon, Tremblay, Marshall, & Hume, 
2011; Skoric, Teo, & Neo, 2009). Approximately 8% of American youth gamers exhibited 
pathological patterns of gaming (D. Gentile, 2009).  
Heavy gaming, which means gaming for an excessive amount of time, is a common 
symptom, as well as a strong predictor of game addiction (Smahel, Brown, & Blinka, 2012; 
Wang et al., 2011). For this reason, this dissertation investigates the phenomenon of gaming 
addiction with data for heaving gaming in adolescents. 
Purpose of this Study 
Although gaming addiction has been shown to be related to poor academic performance, 
poor health conditions, depression, aggression, and substance use problems in a number of 
studies (for example, H. Cao et al., 2011; C.-H. Ko, Yen, Yen, Chen, & Chen, 2012; Skoric et al., 
2009), little is known about whether there are any causal relationships. Furthermore, there is no 
study focusing on how heavy gaming, an indicator and risk factor for gaming addiction, 
influences health, mental health, and academic outcomes. This is an important gap in the 
literature because without determining causal relationships, it is uncertain whether gaming 
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addiction is just a symptom of coping strategies used in response to underlying mental health 
problems, or if it is a separate category that can lead to negative consequences (Flisher, 2010). In 
addition, studies are needed to establish the cut-off point for heavy gaming, measured by hours 
of use per day or week, by which a clear indicator can be identified to define gaming addiction as 
a separate behavior problem.  
This dissertation presents a longitudinal secondary data analysis, which utilizes an 
ecological system perspective, under the theory of multifinality in developmental 
psychopathology (Cicchetti & Rogosch, 1996). It tested the long term effects of adolescent 
heavy gaming on the following outcomes: mental health outcome, including depression, conduct 
disorder, and substance use disorder; health outcomes, including general health condition, Body 
mass index and obesity; and education outcomes, including high school completion and total 
years of school completed. The above outcomes will be tested for longitudinal association with 
three different cut-off points of heavy gaming use as the independent variable.  
Significance for Social Work Theory and Practice 
The primary contribution of this study is that it strengthens the causal inferences we may 
make about the effects of heavy gaming on mental health, health, and education outcomes. It is 
important to establish temporal order and find causal relationships to give us more information 
about treatment and intervention (William R. Shadish, Tomas D. Cook, & Donald T. Campbell, 
2002). Demonstrating that heavy gaming predicts other mental health, health and academic 
problems provides evidence that heavy gaming is not merely a symptom of other, underlying 
problems. If heavy gaming has negative consequences on mental health, one implication may be 
that gaming addiction should be considered as a separate diagnostic category. Further, 
identification will be the first step in showing that treatments are needed for gaming addiction 
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due to long term negative consequences. The second contribution is to compare the different 
outcomes based on different cut-off points of heavy gaming. Different levels of gaming per week 
might have different influences on the outcomes. These different cut-off points may be useful as 
diagnostic criteria for gaming addiction, and might also serve as risk signs for later health, 
mental health and education problems. After determining the influences of different cut-off 
points, gaming time limits might be helpful in preventing adolescents from developing short term 
and long term negative outcomes.  
Research Questions 
This study investigated the following research questions: 
1. What are the effects of adolescent heavy video and computer gaming on mental health 
problems, such as depression, conduct disorder and substance use?  
2. What are the effects of adolescent heavy video and computer gaming on health, such as 
general physical health, Body Mass Index (BMI) and obesity?  
3. What are the effects of adolescent heavy video and computer gaming on education 
outcomes, such as high school completion and total years of school completed?  
4. What are the differences in the above effects when using different cut-off points for 
heavy gaming use? 
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CHAPTER 2: REVIEW OF LITERATURE 
This chapter presents the theoretical framework and empirical work that guide the 
development of this study. Multifinality and the ecological system perspective are combined as 
the primary theoretical framework. The empirical studies are divided into several sections: 1) 
definition, measurement, prevalence, and chronicity of game addiction and related internet 
addiction; 2) the relationship of time spent on gaming/internet use and addiction; 3) different 
factors related to internet and gaming addiction under the ecological system perspective; and 4) 
empirical results from longitudinal studies.  
Theoretical Framework 
Multifinality is one of the core theories in developmental psychopathology studies to 
properly take into account the development pathways. Multifinality refers to the phenomenon 
that a single risk factor can influence many different outcomes later on (Cicchetti & Rogosch, 
1996). This theory fits this study well because it allows for the testing of the effect of one single 
risk factor – heavy gaming in this study – on different long-term outcomes, such as mental health 
outcomes, health outcomes, and education outcomes. In addition, the principle of multifinality 
suggests that the influence of a single risk factor on the same outcome may vary in different 
systems (Cicchetti & Rogosch, 1996). Therefore, it enables the investigation of how the 
influence of one factor on one outcome can be different among different people.  
Multifinality will be more meaningful when merged with the ecological system 
framework because the development outcomes for adolescents are the result of a complex 
interaction between individuals and their surrounding environments. As Cichetti and Rogosch 
(1996) stated, “the meaning of any one attribute, process, or psychopathological condition needs 
to be considered in light of the complex matrix of individual characteristics, experiences, and 
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social-contextual influences” (p. 599). If we intend to figure out the influence of one risk factor, 
we need to take into consideration other interacting factors. The ecological systems theory 
provides an especially useful framework for this study because it allows for the consideration of 
the influence of heavy gaming on development outcomes within a context that includes 
adolescent personal vulnerability and parental situation, along with familial, social, and cultural 
environments.  
Bronfenbrenner (1979) proposed four interconnected systems that have multiple levels of 
influence on individuals: the microsystem, the meso-system, the exo-system, and the macro-
system. In this study, the systems considered are the microsystem and the meso-system, the two 
nearest levels of environment for adolescent development, as well as the macro-system. The 
microsystem is the closest setting of an adolescent in an environment (Bronfenbrenner, 2005). 
This system is the most influential system for adolescent development. The interaction between 
an adolescent and the closest setting includes the adolescent’s personal vulnerability, parental 
situation, family structure, parent-child relationship, school attachment, peer relationship, and so 
on. The meso-system comprises the relationships among the major settings at a particular point 
in an adolescent’s development, such as interaction between home and school and interaction 
between family and community. The macro-system includes family socio-economic status, 
parental education, employment and religion (Bronfenbrenner, 2005). Based on the ecological 
framework, the effect of heavy gaming will be investigated in this study when taking into 
consideration microsystem, meso-system and macro-system.  
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Empirical Studies 
Definition, Diagnostic Criteria, Prevalence, and Chronicity 
 
Gaming addiction is often discussed together with internet addiction because these two 
are similar and closely related behavior problems (Pies, 2009). Furthermore, gaming is one of the 
most important aspects of online behavior for adolescents (Rooij, Schoenmakers, Eijnden, 
Vermulst, & Mheen, 2012). In different countries, it was consistently found that the most 
frequently reported internet use for adolescents who have internet addiction is online gaming. In 
one study in The Netherlands, researchers thought that internet addiction was a misleading 
concept and it would be better to investigate the content or applications of the computer/internet 
in order to study pathological use. And in their study, online gaming was found to be most 
related to internet addiction for adolescents (Rooij, Schoenmakers, Eijnden, & Mheen, 2010). 
Another study in Central Greece also found that the most frequent type of internet use was online 
gaming. In this study, students who had internet addiction problems mainly were the male 
students who play online games and visit internet cafes (K. E. Siomos, Dafouli, Braimiotis, 
Mouzas, & Angelopoulos, 2008). In Turkey, adolescents spent most of their time online engaged 
in gaming (64.4%), followed by general information and chatting (Tahiroglu, Celik, Uzel, Ozcan, 
& Avci, 2008). A sample of school students in Lebanon also showed that the more problematic 
the internet use was, the more the internet was used for entertainment like gaming (Hawi, 2012). 
Therefore, in this study, literature related to internet addiction is also reviewed to provide a 
complete understanding of associated factors.  
There are no “agreed upon labels” to describe internet addiction or video/computer game 
addiction behaviors. Besides internet addiction and video/computer game addiction, scholars use 
pathological internet use, excessive internet use, problematic internet use, excessive computer 
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playing, pathological gaming and compulsive internet use/gaming as alternative names. Some 
scholars have suggested the name of “pathological use of electronic media (PUEM)”, a more 
broadly constructed concept than internet addiction and video/computer game addiction (Bowen 
& Firestone, 2011; Pies, 2009). This variety of different terms reflects the different 
understandings about this phenomenon. Some researchers believe that this so-called “addiction” 
problem is an impulse-control disorder (Potenza, 2006). Most scholars recognize this 
phenomenon as a behavioral addiction similar to pathological gambling (Woelfling, Buehler, 
Lemenager, Moersen, & Mann, 2009). Other scholars use withdrawal and tolerance criteria in 
the assessment tools based on substance dependence criteria (K. S. Young, 2004). Since many 
studies have shown that internet and video/computer game addiction are comorbid with many 
other mental health problems like depression and attention deficit and hyperactivity disorder 
(ADHD), some researchers also hold the opinion that it is not clear whether internet and 
video/computer game addiction is a separate disorder or just a symptom of other underlying 
mental health disorders, such as depression or impulse control disorders (Pies, 2009). Regardless 
of labels, the main characteristics of this problem include losing control over use/play and 
continuous use/play even when negative consequences occur. Further studies are needed to 
identify the exact symptoms of this problem. 
There are many assessment tools in the literature to identify the group of adolescents who 
may have internet addiction or video/computer game addiction. As we can see in Appendix 
Table A1, almost all the assessment tools are based on The Diagnostic and Statistical Manual of 
Mental Disorders (4th ed., text rev.; DSM-IV-TR; American Psychiatric Association, 2000) 
criteria either for pathological gambling or substance dependence/abuse. The validity and 
reliability of most of these assessment tools’ validity and reliability are unknown. The most 
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commonly used assessment tools for internet addiction are Young’s Internet Addiction 
Diagnostic Questionnaires with different versions, including 7, 8, 10 or 20 items (Dowling & 
Quirk, 2009; Jelenchick, Becker, & Moreno, 2011; Shek, Tang, & Lo, 2008). Rooij at el.’s (2012) 
study about video game addiction on adolescents found good internal consistency with a 
Cronbach’s alpha of 0.93. However, reliability was not given in this study. Further studies about 
reliability are needed in order to develop acceptable assessment tools for video/computer game 
addiction. This detailed information about studies on different measurement tools is presented in 
Appendix Table A2.  
Prevalence rates vary among different studies across different countries. Based on two 
review papers on internet and video/computer game addiction (between 1996 and 2008), the 
prevalence rates ranged from 0.3% to 38%. The population age for those studies was from eight 
to 85 years old and more than half of the reviewed studies focused on adult populations using 
different assessment tools (Chakraborty, Basu, & Kumar, 2010; Shaw & Black, 2008). For the 
current study, studies that focused on adolescent populations through 2012 were included. This 
detailed information is presented in Appendix Table A3. Most of these studies use Young’s 20 
Item Diagnostic Questionnaire. Studies in Germany, Norway, Greece, Iran, Hong Kong, and 
Taiwan used nationally representative samples. Other studies used convenience samples. The 
prevalence rate was from 1.36% in England to 17.9% in Taiwan (see Figure 1). We can easily 
determine from the following map that some areas of Asia had higher prevalence rates compared 
to the US and European countries.
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Figure 1. Estimated Prevalence of Internet and Gaming Addiction in Different Countries and Regions 
 
Source: a. from (Morrison & Gore, 2010) based on Young’s Diagnostic Questionnaire for Internet Addiction (20 
items); b. from (Kormas, Critselis, Janikian, Kafetzis, & Tsitsika, 2011) based on Young 20; c. from (Rehbein et al., 
2010) based on Video Game Dependency Scale (14 items); d. from (Ghassemzadeh et al., 2008) based on Young 20; 
e. from (Johansson & Gotestam, 2004) based on Young’s Diagnostic Questionnaire for Internet Addiction (8 items); 
f. average from (Fortson et al., 2010) and (Christakis, Moreno, Jelenchick, Myaing, & Zhou, 2011), based on Young 
20;  g. from (Hawi, 2012) based on Young 20. h. from (Durkee et al., 2012), based on Young 8; i. from (Thomas & 
Martin, 2010) based on Young 8; j. average from (K. Kim et al., 2006), (S. K. Park, Kim, & Cho, 2008), and (K. S. 
Jang et al., 2008) based on Young 20; k. from (Zboralski et al., 2008), based on Internet Addiction Questionnaire 
(45 questions) designed by author; l. from (Fu et al., 2010) based on Young 8; m. from (Tahiroglu et al., 2008) based 
on Online Cognition Scale (OCS) developed by David; n. from (H. Cao et al., 2011) based on Young 20; o. from 
(Choo et al., 2010) based on Pathological Video Game Use; p. from (Yen, Ko, et al., 2007), based on Chen Internet 
Addiction Scale, 63/64 cut-off. 
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Chronicity for Internet and Game Addiction 
On the topic of internet and gaming addiction, with the prospective study design, there 
have been several publications investigating the chronicity of this possible mental health 
problem. The results of these studies show an inconsistent picture. One prospective study 
evaluated the presence and persistence of problematic internet gaming in a middle school 
sample. Only half the respondents, who were initially classified as “addicted” to internet gaming, 
remained classified as “addicted” one year later (Rooij, Schoenmakers, Vermulst, Eijnden, & 
Mheen, 2010). This result was viewed as evidence that gaming addiction behavior patterns are 
transitory (Petry, 2011). A prospective study in Taiwan also found that the 1 year remission rate 
for internet addiction was only 49.5% (Weinstein, 2010). In a prospective cohort study, the test-
re-test correlation for compulsive internet use between the baseline and a 2-month follow-up was 
0.48 for Chinese and 0.61 for US youth, and was 0.39 for Chinese and 0.48 for US youth in a 1 
year- follow-up (Sun et al., 2012).  
However, one study showed that only 2.5% of individual internet addiction scores 
demonstrated reliable change from the end of freshmen year to the end of junior year in a college 
sample, which suggested that the addiction behavior pattern was fairly consistent during the two-
year period (Huang, 2010). According to another two-year follow-up study for school youth in 
Hong Kong, the result of paired samples t-test showed there was no significant difference in 
students’ mean scores on internet addiction tests at Wave 1 and Wave 2. In this study, 
individuals with gaming addiction at Wave 1 had higher likelihood (7.55 times) to be in the 
addiction situation in Wave 2 compared to non-addicts. Therefore, the authors claimed that 
adolescent internet and gaming addiction is a relatively stable phenomenon not likely to wear off 
over time (Shek & Yu, 2012).  
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 Apart from the above inconsistent findings on chronicity, only seven prospective studies 
were found related to adolescent/young adult internet and gaming addiction (as shown in 
Appendix Table A4). Currently, there are no prospective studies found in this field that followed 
more than 3 years to estimate the chronicity of internet addiction and game addiction. Therefore, 
researchers are not sure whether internet addiction is an acute/temporary problem or a chronic 
problem with recurrence like other addictions. For example, drug dependence is considered a 
chronic and life-long problem (Mclellan, Lewis, O'Brien, & Kleber, 2000). A 20-year follow-up 
study showed that after 18 years following the first hospitalization, 25% of heroin addicts still 
had an active narcotic addiction, 10% had died of drug overdose or drug-related problems, 17% 
either relapsed or were in uncertain situations, and only 35% had achieved stable abstinences 
(Vailant, 1973). Pathological gambling as a behavior addiction is recognized as partially chronic. 
This is evidenced by two US national surveys revealing that, although one third of people with 
pathological gambling disorder were characterized by natural recovery (recovered without 
treatment), 7% to 12% of people who had a lifetime history of pathological gambling would 
continue to have this problem several years later even with some kind of treatment (Slutske, 
2006).   
Correlation with Heavy Internet Use/Gaming 
The following paragraphs explore the correlation between heavy internet use/gaming and 
internet/gaming addiction symptoms, which is referred to differently in different studies, as 
internet addiction, problematic internet use, internet dependence, pathological internet use, video 
game addiction, gaming addiction, and so on. Generally, online time or gaming time has been 
found to be significantly associated with the risk of internet addiction or video/computer gaming 
addiction according to multiple studies. Studies have shown that spending more time online is 
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associated with an increased risk of internet addiction (Smahel et al., 2012). In a study in China, 
compared with maximum two-hours usage students, students who stayed online more than eight 
hours per day exhibited a higher likelihood of being problematic internet users (OR=3.01) (Wang 
et al., 2011). A similar finding was discussed in a study in South Korea. It found that the amount 
of time online was significantly associated with internet dependence (Hur, 2006). In a well-
known study in European countries by Durkee et al. (2012), pathological internet use was found 
to be significantly correlated with mean hours online, and the daily usage for the pathological 
internet use group was 3.75 hours. It was argued that increased hours on line are associated with 
higher level of addiction based on a linear regression model.  
Research has shown a similar picture in video/computer game addiction filed that more 
gaming time is related to higher risk of addiction. According to the World Health Organization’s 
International Classification of Diseases (ICD-10), participants whose gaming behaviors fulfilled 
at least three out of six criteria of addiction can be classified as pathological gamers. And the 
daily hours spent on playing were significantly different between pathological gamers (m=4.7h) 
and non-pathological gamers (m=2.49h) (Grusser, Thalemann, & Griffiths, 2007). Similarly, in 
Rooij et al.’s study, online gaming hours per week showed a correlating relationship with Video 
Game Addiction Test with r 0.37 (Rooij et al., 2012). 
Although it is generally accepted that the higher amount of time spent on internet/gaming 
is associated with higher addiction risk, the exact amount of time spent on internet or gaming 
that qualifies as an obvious indicator for an addiction trend has not yet been established. By the 
standards of Young’s 20-item questionnaire, the average time online for internet addicts varies 
vastly across different countries, ranging from approximate 2 hours daily in Greece to 7.5 hours 
daily in Lebanon, as shown in table 2 (Hawi, 2012; Tsitsika et al., 2009).  In the study in 
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Lebanon, the average daily internet usage after school was 2.82 for the whole sample, and 88% 
of the severe level internet addicts spent 7.5 hours a day online on average, and more specifically, 
6.23 and 10.56 hours online daily, for weekdays and holidays, respectively (Hawi, 2012). 
Internet addicts in South Korea and China spent an average of 3.55 hours and 2.17 hours daily 
online, respectively (K. S. Jang, Hwagh, & Choi, 2008; Wang et al., 2011).  
At the same time, within each of these studies, the variance of online time among internet 
addicts has been found to be large. For example, in the study in China, only 9.9% of internet 
addicts spent more than 8 hours online daily, 5.5% spent 6-8 hours, 11.2% spent 4-6 hours, 30% 
spent 2-4 hours, and 43% spent less than 2 hours (Wang et al., 2011).  
The above studies used Young’s 20-item diagnostic questionnaires. When using  Young’s 
8-item diagnostic questionnaire, the average time online for internet addicts assessed was also 
found to have large variance, ranging from 1.6 hours daily in China to 3.75 hours daily in 11 
European countries (F. Cao & Su, 2006; Durkee et al., 2012). Additionally, in Hong Kong, 86% 
of internet addicts spent less than 6 hours daily online and only 7.1% spent more than 6 hours 
daily online (Fu, Chan, Wong, & Yip, 2010). Instead of Young’s 8- and 20-item diagnostic 
questionnaires, 5 hours daily was used as a cut-off point for excessive internet use in one of the 
studies in Singapore (Mythily, Qiu, & Winslow, 2008).  
Researchers have also found that the average hours spent daily on gaming by 
video/computer gaming addicts diverged among different countries. In Singapore, gaming 
addicts spent 3 hours daily on average and in Germany they spent 4.43 hours daily (Choo et al., 
2010; Rehbein, Psych, Kleimann, Mediasci, & Thomas, 2010). The weekly average hours spent 
on gaming by addicts in The Netherlands were 7.9 hours per day (Rooij, Schoenmakers, 
Vermulst, et al., 2010).  
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Unlike general population sampling as reviewed above, clinical samples for internet 
addiction have shown a higher usage pattern. As mentioned in the beginning of this paper, 
adolescent internet or game addicts in clinical settings spent 10 to 20 hours per day online or 
gaming (Allison, 2006; King, Delfabbro, Griffiths, & Gradisar, 2012; Solmaz & Belli, 2011). 
According to an Italian clinical sample of 21 people (52%<18 years old) who met Young’s 8-
item diagnostic internet addiction criteria, the daily amount of time spent online was 6.83 ±3.93 
hours, and it patients who spent more than 6.43 hours (n=9) daily online had significantly higher 
depression and anxiety levels (Tonioni et al., 2012). 
From another perspective, longer usage does not necessarily mean that the adolescent is 
an addict. For example, a random sampling study in Greece found that 55.6% of internet addicts, 
categorized by Young’s 20-item diagnostic criteria, used the internet more than 20 hours per 
week. The other 44.4% used the internet 4 to 10 hours per week. However, among the 
adolescents who used the internet more than 20 hours per week, only 8.9% had Young’s 
diagnostic internet addiction problem (Tsitsika et al., 2009).  
In summary, it is hard to find a clear cut-off time amount partially because these studies 
vary vastly in the assessment tools used for internet/game addiction, and in the different regions 
studied as well. None of the current assessment tools uses heavy gaming/internet use (defined by 
a specific number of hours of play/use) as one of the diagnostic criteria. However, it might be 
beneficial to separately assess the time lengths adolescents spend on study, information inquiry, 
relationships, and entertainment. Maybe previous researchers investigated the above information, 
but they did not report this information in the studies. Among studies that reported time length 
online, nearly half of the studied addicts spent less than two hours daily online. This finding 
challenged the construct validity of the assessment tools in these studies, because internet use of 
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less than two hours daily is likely to be regarded as under control, in contrast to the main 
characteristic of internet/gaming addiction of losing control. Nevertheless, repeated studies in 
this area to identify the risky time cut-off might be useful for developing internet and gaming 
addiction measurements. 
Ecological systems perspective: Micro-system 
Personal Characteristics 
Researchers have found that younger age and male gender are generally found to be 
associated with internet/game addiction. Based on one study of 1,319 people aged from 16 to 51 
in the UK who were recruited on social networking sites, younger people were more likely to be 
addicted than middle-aged people (Morrison & Gore, 2010). Also, most studies have shown that 
male adolescents are more likely to have internet addiction or video/computer game addiction 
compared with female adolescents (Chakraborty et al., 2010; Shaw & Black, 2008). And males 
(RRR=1.25) showed a higher risk of being pathological internet users (note: RRR means relative 
risk ratio) (Durkee et al., 2012). 
Scholars have determined that gender is also a moderator that influences the relationship 
between hostility and internet/game addiction in one study, and between parental problem 
drinking and internet/game addiction in another study. In South Korea, hostility was significantly 
associated with male internet addiction (OR = 1.02), but similar levels were not found in female 
high school students (Yen, Ko, Yen, Wu, & Yang, 2007). Another cross-sectional study (n=519) 
of early adolescents in South Korea determined that parental problem drinking had a significant 
and direct effect on internet addiction for boys but not girls (M. H. Jang & Ji, 2012). In this study, 
scholars discovered different pathways from problematic drinking to internet addiction based on 
gender. While for boys the mediators were anxiety and aggression, for girls the indirect influence 
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was through family functions. The researchers used structural equation modeling to test the 
direct and indirect relationship. However, the study did not report the whole model fit. Only one 
study briefly mentioned a religion effect. In this study in South Korea, religion was found to not 
be related to internet addiction (M. H. Jang & Ji, 2012) .  
Relationship with Different Personality Traits  
A study of Turkish college students revealed a significant positive correlation between 
dissociative experiences and internet addiction (r = 0.22) (Canan, Ataoglu, Ozcetin, & Icmeli, 
2012). Another study revealed correlations between internet addiction and the following factors: 
high harm avoidance, low self-directedness and low cooperativeness. (Ha et al., 2007). 
Additionally, according to one study in China, a multiple regression analysis showed that 
narcissistic personality traits are associated with the extent of internet addiction (F. Cao, Su, Liu, 
& Cao, 2007). 
In summary, adolescents who have personality traits like dissociation, high harm 
avoidance, low self-directedness, and narcissism are more likely to develop internet/gaming 
addiction problem. Dissociative personality traits parallel extraversion, while high avoidance and 
low self-directedness are similar to openness and conscientiousness, respectively. Therefore, 
extraversion, openness and conscientiousness in the big five personality types seem to be 
associated with internet/game addiction. The above personality traits are also related to traumatic 
experiences. These are important findings that help us understand the internal psychological 
processes for internet/gaming addicts.  
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Comorbidity with Other Mental Health Problems  
Comorbidity means co-occurrence of two disorders in the same person. Comorbidity also 
implies interactions between the two disorders, and suggests that the interactions influence 
course and prognosis (Volkow, 2010).  
Researchers have investigated comorbidity phenomena using both clinical sampling and 
general population sampling in the internet/game addiction field. In a clinical sample in Italy, 
among 15 people who had a score of 70 (cut point for internet addiction) or higher on Young’s 
20 items internet addiction diagnostic scales, Attention Deficit and Hyperactivity Disorder 
(ADHD), hypomania, generalized anxiety disorder, dysthymia, obsessive compulsive personality 
disorder, borderline personality disorder and avoidant personality disorder were common co-
occurred disorders (Bernardi & Pallanti, 2009). Based on a review paper of general population 
sampling research up to 2009, internet addiction can be associated with substance use disorder, 
ADHD, depressive disorder, social phobia and hostility(C.-H. Ko et al., 2012). A very rigorous 
review explored the effect sizes of the association between internet addiction and other 
psychological issues. In this review, specifically, they found a strong association between 
problematic internet use and the symptoms of ADHD/depression with relatively higher effect 
size. On the contrary, anxiety, social phobia, obsessive-compulsive symptoms, and aggression 
had small effect sizes, although the relationships with internet/game addiction were statistically 
significant (Carli et al., 2012). Detailed discussions of the relationships between internet/game 
addiction and other diseases, including different mental health disorders and physical health 
disorders, will be given separately below.   
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Relationship with depression 
The association between internet addiction and depression is consistent among studies in 
different countries with different assessment tools. Specifically, using Chen’s Chinese Internet 
Addiction Scale, a convenience sample of 3662 adolescents (age=15.5±1.7) in Taiwan showed a 
significant association between internet addiction and depression (Yen et al., 2008). In a cross-
sectional study in South Korea, researchers related depression symptoms to internet addiction, 
after controlling for differences in temperament (Ha et al., 2007). In another study in South 
Korea, they correlated internet addiction scores with depression and suicide ideation scores (Kim 
et al., 2006). In China, a preliminary study for online gamers showed that online gaming 
addiction was related to depression, physical problems, personal life problems and academic 
problems based on a cross-sectional data path analysis (Peng & Liu, 2010). 
In the US, researchers have found a significant association between moderate to severe 
depression and problematic internet usage (RR=24.07), which means that students with moderate 
to severe depression were about 24 times more likely than their peers to exhibit problematic 
internet usage (Christakis et al., 2011). In the discussion section, the author suggested that the 
depression and problematic internet usage might link in a mutually enhancing cycle with social 
isolation as mediator (Christakis et al., 2011). Although the sample did not consist of adolescents, 
but rather college students, the suggested cycle needs to be regarded as a possible relation model 
between internet addiction and depression.  
In the UK, based on a study of 1,319 people from 16 to 51 years old recruited on social 
networking sites, scholars found that depression was significantly associated with internet 
addiction in a multiple regression analysis. When matching the 18 internet addicts with non-
addicts in terms of age and sex, the depression scores were significantly different between the 
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two groups (Morrison & Gore, 2010). The matching method used here was problematic. Firstly, 
only two matching variables were not enough to build two equivalent groups for the comparison. 
Secondly, the amount of 18 people per group did not result in enough power to support the 
significant difference between two groups.  
All these studies above shed light on the relationships between internet/game addiction 
and depression using cross-sectional design with different samples. However, no clear causal 
inferences appeared in these studies, namely, we are not sure whether excessive gaming/internet 
use caused the depression, or vice versa (Flisher, 2010). This kind of causal relationship usually 
can be tested more rigorously by prospective studies. There are three prospective studies related 
to the relationship between depression and internet addiction/game addictions; a detailed 
discussion of these studies is in the following predictor section.  
Relationships with pathological gambling, substance use, and aggression 
Internet and game addiction have been associated with other behavior problems. In terms 
of the relationship with pathological gambling, a cross-sectional study in Italy about adolescents 
showed that internet gamblers exhibited a significantly higher likelihood of problematic internet 
use (AOR=1.81) (Tsitsika, Critselis, Janikian, Kormas, & Kafetzis, 2011). In Taiwan, based on a 
sample of adolescents, they found statistical associations between internet addiction and 
problematic alcohol use (Chiu-Hung Ko et al., 2008). In situations with a relationship with 
substance use, a survey in the US about gaming conducted over 4023 adolescents found a total of 
51.2% also having gaming behavior. Among these gamers, 4.9% reported problematic gaming, 
which they defined by trying to cut gaming time and experiencing both an irresistible urge to 
play and a growing tension that could only be relieved by playing. In this study, researchers 
found problematic gaming to be associated with regularly smoking (OR=2.12), and lifetime drug 
19  
use (OR=2.25), after adjustment for race and gender variance (Desai, Krishnan-Sarin, Cavallo, & 
Potenza, 2010).  
The relationship with aggression is one of the most serious concerns for gamers and their 
parents because aggression is generally considered  to be a consequence of video game playing 
(Lemmens, Valkenburg, & Peter, 2011). A research study with a cross-sectional design showed 
that externalizing behavior problems (aggression and delinquency) is significantly associated 
with the amount of online gaming (Holtz & Appel, 2011). Other studies show similar results. In 
one cross-sectional study in Taiwan, they a conducted a survey with over 9405 adolescents with 
an average age of 15, and used three questions to assess the occurrence of aggressive behavior: 
(1) have you ever hit or kicked someone on purpose; (2) have you ever grabbed or shoved 
someone; and (3) have you ever threatened to hurt someone or take their belongings. Participants 
who answered ‘yes’ to any of the three questions were characterized as having aggressive 
behaviors toward others. The  researchers calculated the OR between internet addiction and 
aggressive behavior to be 1.61 after taking other confounding variables into consideration (Chih-
Hung Ko, Yen, Liu, Huang, & Yen, 2009). In another study in China, they assessed a total of 
1,471 online game users with a mean age of 21.3 using Young’s 20 item internet addiction scales. 
A multiple regression analysis in this study revealed that aggression is associated with internet 
addiction (F. Cao et al., 2007). However, similar to the studies about depression mentioned 
above, we do not know the causal direction between internet/game addiction and those problems 
(pathological gambling, substance use, and aggression) in cross-sectional studies. It is also 
possible that internet/game addiction and those problems had the same shared risk factors. 
Prospective studies regarding the causal relationship between internet/game addiction and 
substance use/aggression are discussed in the following predictor section.  
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Relationship with impulsivity 
A study in China identified 64 students as internet addicts according to the Young’s 8 
item diagnostic criteria. Compared to the control group who were not internet addicts, the 
internet addiction group had significantly higher scores on Barratt Impulsiveness Scale 11 (BIS-
11) subscales, and there was a significant positive correlation between Young’s Diagnostic 
scores and BIS-11 subscales, indicating a correlation relationship between internet addiction and 
impulsivity (F. Cao et al., 2007). 
In another study, a total of 2793 college students in Taiwan with a mean age of 20.46 
were used to test the relationship between ADHD (attention deficit, hyperactivity and 
impulsivity) and internet addiction (tested by Chen’s Chinese Internet Addiction Scale) using 
logistic regression in a cross-sectional design. The ORs for attention deficit and impulsivity were 
1.4 and 1.32, respectively, after using age and gender as confounding variables in the final 
regression model (Yen, Yen, Chen, Tang, & Ko, 2009).  
In a cross-sectional study in Germany, one simultaneous logistic regression showed that 
after controlling gaming in terms of dysfunctional coping, gaming as source of self-efficacy, 
school-related anxieties, and lower social competence, impulsiveness was still significantly 
different between gaming addicts and non-addicts (Rehbein et al., 2010).  
In summary, until now scholars have used cross-sectional designed studies to test the 
relationship between internet/game addiction and impulsivity. Although this design can 
determine the correlation relationships between these two problems, it cannot retrieve more 
meaningful information such as causal relationships, which can be better investigated in 
prospective studies. However, only a few prospective studies exist and only one study has been 
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found that prospectively tests the relationship between internet/game addiction and impulsivity. 
Further studies are needed to test the possible causal relationship between these two factors.  
Relationship with sleep problems 
According to a study of 719 Chinese adolescents in Hong Kong, insomnia is associated 
with internet addiction (Cheung & Wong, 2011). Another study with 2,336 high school students 
in South Korea also showed that compared with non addicts, the adjusted odds ratio of daytime 
sleepiness is 5.2 (Choi et al., 2009). 
 Relationship with Physical Health 
Internet use, video game playing and computer game playing are the sedentary behaviors 
that are recognized to be related to being overweight or obese (Salmon et al., 2011) . A BMI of 
above 25 kg/m2 is associated with more than 11 hours (OR=3.45) or 20 hours internet use (OR 
2.05), respectively (Tsitsika et al., 2009). A study of 17,599 adolescents in China also found that 
problematic internet use is associated with lack of physical energy (OR=3.5), physiological 
dysfunction (OR=2.83) and weakened immunity (OR=2.33), after controlling for gender, grade, 
residential background, areas, family economy, and frequency of internet use (H. Cao et al., 
2011). Furthermore, they discovered some cases of game-induced seizures in clinical settings 
when the patients played games intensively (Chuang, 2006). Again, these studies do not show 
any causal relationship between internet/game addiction and physical health. It is not known 
whether poor physical health is a predictor for internet/game addiction or the inverse.  
In summary, according to DSM-IV-TR disorder structure, internet and game addiction is 
associated with mood disorder, anxiety disorder, substance related disorder, dissociative disorder, 
eating disorder, and impulse control disorder. Additionally, internet and game addiction is also 
related to some physical health problems. But, without enough prospective studies, the existing 
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literature does not clearly answer questions about symptoms, outcomes, prognosis, and causal 
relationships with other health disorders, and further studies are needed under this model. 
Therefore, more prospective cohort studies are recommended to detect the causal relationship 
and comorbid psychopathology (Carli et al., 2012).  
Family economic status, parents’ education, occupation, employment, and internet accessibility 
There are different findings regarding how internet addiction can be associated with 
financial situation. One study in China found that problematic internet usage was associated with 
poor financial situation (OR=1.77) (Wang et al., 2011). However, economic status was not  
concluded to be related to the likelihood of internet addiction in a study in Taiwan (Yen, Yen, 
Chen, Chen, & Ko, 2007). The same result was derived from a cross-sectional correlational 
designed study with 519 early adolescents in South Korea (M. H. Jang & Ji, 2012).  
Scholarship shows that a father’s lower educational background and parents’ 
unemployment are both associated with internet/game addiction, while a mother’s lower 
education, parent’s occupations, and internet accessibility do not have the same association. In 
the study in South Korea mentioned above, fathers’ education background was found to be 
positively associated with internet addiction for boys but not for girls, while mother’s education, 
and both parents’ occupations were not found to be related to internet addiction (M. H. Jang & Ji, 
2012). In another study, unemployment of students’ parent/guardian (RRR=1.68) was found to 
increase their risks of becoming pathological internet users (note: RRR means relative risk ratio) 
(Durkee et al., 2012). Interestingly, the same study also showed that household internet 
accessibility is not associated with the increased relative risk of pathological internet use. 
Probably this is because adolescents can easily get access to the internet through other ways, or 
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there was not enough variance for the variable “home internet access”, since the majority of 
families had an internet connection.   
Relationship with Parents 
Lack of care from parents, overprotection, parental substance use and conflictive family 
relationship are all possible important risk factors on the family level. However, participative and 
supportive parental monitoring and parental supervision are possible protective factors.  
In terms of the relationship between adolescent and parents, a study in Sweden showed 
that higher levels of perceived care and lower levels of perceived overprotection correlated with 
lower scores in internet and computer addiction measures (K. Siomos et al., 2012). A cross –
sectional study in Taiwan of 1,289 adolescents from 16 to 19 years old found that family and 
outdoor activities, along with participative and supportive parental monitoring, were negatively 
associated with internet addiction possibility (Lin, Lin, & Wu, 2009). Another study also found 
the same negative association between parental supervision and internet addiction (Kwon & 
Chung, 2011). 
There are still other factors on the family level that increase the risk for the students to 
become pathological internet users, such as not living with their biological parents or relatives 
(RRR=3), having parents who do not understand their problems (RRR=2.14), having parents 
who do not know what they do with free time (RRR=1.93),  and having parents who do not pay 
attention to them (RRR=2.20) (note: RRR means relative risk ratio) (Durkee et al., 2012). 
Problematic internet usage is also associated with conflictive family relationships (OR=2.6) 
(Wang et al., 2011). Based on one study of adolescents in Taiwan, a statistical association exists 
between internet addiction and higher levels of parent-adolescent conflicts using a chi-square 
analysis (Chiu-Hung Ko et al., 2008). Lack of care by parents (OR=1.35), high parent-adolescent 
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conflict (OR=2.75), high inter-parental conflict (OR=1.99), habitual alcohol usage by father 
(OR=1.32)/mother (OR=1.56)/siblings (OR=1.83), and perceived positive parental attitude to 
adolescent smoking (OR=1.67)/alcohol use (OR=1.36)/substance use (OR=2.35) were found to 
be positively associated with internet addiction (Yen, Yen, et al., 2007).  
Relationship with School 
Heavy study-related stress, lack of academic achievement, and poor classmate 
relationship are associated with higher risk of internet/game addiction. The relationship between 
problematic internet use and very heavy study-related stress was confirmed in a study in China 
(OR=2.19) (Wang et al., 2011). Another study in Lebanon claimed that adolescents who had 
internet addiction problems do not study well. In the severe addiction group in this study, 26.5% 
failed in school (Hawi, 2012). Similarly, in another study, video game addiction tendency was 
significantly associated with lower math, English, and science academic scores (Skoric et al., 
2009). Additionally, problematic internet use was also associated with poor classmate relations 
(OR=2.42) (Wang et al., 2011) and more friends with deviant behaviors (Chiu-Hung Ko et al., 
2008).  
Meso-systems 
On a meso-system level, the location of internet access has been identified as a factor 
affecting the risk of internet addiction, specifically, home and internet cafes are associated with a 
higher risk than school, while small cities have a higher risk than big cities. A cross-sectional 
study in Greece suggests that excessive internet use is positively associated with some locations 
of internet accesses, like home or internet cafés, but not with school (Tsitsika et al., 2009). 
Problematic internet use was also found to be more associated with internet cafés in China. 
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(Wang et al., 2011). A study in Greece found that large cities have relatively lower internet use 
frequency compared with small cities (K. E. Siomos et al., 2008).  
In summary, these studies above did not give a complete picture under the framework of 
ecological system perspectives. Future study can focus more on testing how Meso-systems 
factors might be associated with internet/game addiction.  
Long Term Problems Associated with and Predictors for Internet/Gaming Addiction 
Within this newly developed field — internet/gaming addiction, only six prospective 
studies (Eijnden, Meerkerk, Vermulst, Spijkerman, & Engels, 2008; Fu et al., 2010; D. A. 
Gentile et al., 2011; Chih-Hung Ko, Yen, Chen, Yeh, & Yen, 2009; Lemmens et al., 2011; Sun et 
al., 2012) focusing on adolescents exist, listed in Table 4. From these prospective studies, it can 
be seen that internet/gaming addiction is a predictor for longer time using/playing six months 
later (Lemmens et al., 2011), more physical aggression for boys six months later (Lemmens et al., 
2011), substance abuse one year later (Sun et al., 2012), and lower grades two years later (D. A. 
Gentile et al., 2011). There are different findings about whether internet/gaming addiction 
predicts depression, anxiety, and social phobia later in life. And instant messaging, impulsivity, 
lower social competence, and poor regulation skill were all identified as risk factors/predictors 
for compulsive internet use or gaming (Eijnden et al., 2008). In addition, Chih-Hung Ko et al 
(2009) found that internet and gaming addiction is predict by being male, playing online games, 
using internet for more than 20 hours weekly, hostility, ADHD, depression, and social phobia. 
Detailed information and critiques about each prospective study is given below.  
Higher levels of pathological gaming, measured by the seven-item game addiction scale 
(based on DSM-IV-TR pathological gaming criteria), predicted an increase in time spent playing 
games and an increase in physical aggression 6 months later among boys. The result of this study 
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indicates that longer time playing might be a symptom of pathological gaming. However, longer 
time playing is not a predictor for pathological gaming later on  (Lemmens et al., 2011). Since 
the authors only followed their subjects for 6 months, longer term effects and relationships 
cannot be known. The authors used structural equation modeling for the data analysis. However, 
as both the time spent on games and pathological gaming scores were not normally distributed in 
that study, there might be a higher bias in the estimation using SEM model. Furthermore, this 
study used no confounding variables, which is problematic.  
An interesting longitudinal study was conducted to assess the time-order relationship 
between compulsive internet use (CIU) and substance use. This study showed that compulsive 
internet use can be a predictor for substance use later on for females, but substance use was not a 
risk factor for compulsive internet use later on. In this study, CIU and substance use were not 
correlated in the baseline. However, baseline CIU was associated with change of substance use 
for female participants. The relationship between concurrent changes in CIU and substance use 
was also identified for females. However, baseline substance use did not predict an increase in 
CIU (Sun et al., 2012).  
A two-wave, one-year longitudinal study based on 208 adolescents in Hong Kong 
showed that people who exhibited more than five symptoms (thus belonging to the category of 
internet addiction) according to Young’s 8 item Internet Addiction Diagnostic Questionnaire, 
had significantly higher rates for suicidal ideation and depression scores one year later (Fu et al., 
2010). In comparison with cross-sectional studies, this study gave a clearer clue that internet 
addiction would predict worse depression symptom one year later than the baseline. However, 
the authors did not control for the depression in baseline in the regression model, so we are still 
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not sure that the change in depression one year later was caused by internet addiction or 
depression.  
According to a study of 663(12-15) adolescents in The Netherlands, instant messaging 
(high frequency of messaging) was found to be a risk factor for both compulsive internet use and 
depression 6 months later. However, we are not sure whether depression could be associated 
with compulsive internet use 6 months later. (Eijnden et al., 2008). Therefore the causal 
relationship between depression and compulsive internet use is still not known.  
Male gender, online game use, and spending at least 20 hours per week on internet use 
were found to be predictors of internet addiction at 24 month follow ups; hostility and ADHD 
were found most significantly to predict the occurrence of internet addiction, followed by 
depression and social phobia, according to a study in Taiwan (Chih-Hung Ko, Yen, Chen, et al., 
2009).  In this three-wave, two-year follow-up study, internet addiction could not predict follow-
up depression and ADHD, which means that depression and ADHD are risk factors for internet 
addiction but not outcomes.  
A methodologically strong two-year panel study in Singapore intended to distinguish the 
risk factors and outcomes of pathological gaming, to find out how long pathological gaming lasts, 
and whether it is a primary problem or a symptom of comorbid problem. According to this study, 
84% of children or adolescents who were pathological gamers remained pathological gamers two 
years later. Pathological gaming was defined with at least five out of ten items fulfilled, such as 
“have you skipped meals, baths, or sleep so you could play more computer/video games”. 
Therefore the authors claimed that this problem is not a transitional problem. For children and 
adolescents who were not pathological gamers in Wave 1 but became pathological gamers in 
waves 2 or 3, impulsivity, lower social competence and poor emotional regulation skills were the 
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predictors for this change. D. A. Gentile et al. (2011) also claimed that, although the amount of 
gaming was not sufficient to define pathological gaming, several variables related to the amount 
of gaming clearly differentiated two groups of individuals. They were able to separate those who 
never became pathological gamers with 19 hours of play per week from those who were at risk 
of becoming pathological gamers, as well as those who had already become pathological gamers 
with 31 hours of play on average per week. Authors also found that increases in pathological 
gaming in turn predicted higher levels of depression, anxiety and social phobia, and lower grades. 
(D. A. Gentile et al., 2011). This was the first study demonstrating that gaming predicts other 
mental health disorders longitudinally rather than simply correlates with them. The limitation of 
this study is that the authors failed to identify systematic patterns of protective factors, which 
would help some pathological gamers to overcome their dysfunction, and the potential reciprocal 
relationships between pathological gaming and other mental health problems, like depression. 
Besides, the longer term trajectory of pathological gaming was not determined by this study, 
especially for the stage from adolescent to young adult. Another concern is that although the 
authors in this study claimed that the increase in pathological gaming predicted higher levels of 
depression, we are still not clear about the causal relationship validity between these two changes. 
This lack of clarity is because the authors did not control the Wave 1 and Wave 2 depression 
levels in the final SEM model, which estimate the influence of Wave 1 pathological gaming on 
Wave 3 depression. A more complete model is needed to assess the possible cascade relationship 
between pathological gaming and depression. 
Summary and Implications for Present Study 
From the literature reviewed above, internet and gaming addiction were associated cross-
sectionally with many problems: depression, aggression, impulsivity, substance abuse problems, 
health problem and academic failure. However, there is no study focusing on the long-term effect 
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of heavy gaming – excessive amount of time spent on gaming – on the above problems. 
Therefore, we do not know the prognosis and long-term effect of heavy gaming during a 
relatively long period, which is also claimed by other scholars (Weinstein, 2010). Furthermore, 
previous studies did not provide enough evidence on the causal relationship between 
internet/gaming addiction and the other problems mentioned above, and in order to reach 
conclusions about this in the field, we must first know about the long-term effect of heavy 
gaming. 
Methodologically, in summary, current research in internet and gaming addiction is 
lacking in several respects. First, most studies in this area used cross-sectional data to find 
correlations between internet/gaming addiction and other mental health problems, without 
establishing the time order or the long-term association. Second, among limited prospective 
studies, problems were found as follows: three studies did not control for baseline outcome 
situation in their longitudinal model; and most studies contained only one or two confounding 
variables in assessing the relationship between dependent and independent variables.  
The field lacks basic information on the cut-off point of heavy gaming, to be specific, 
whether frequency of use can predict problems associated with use (i.e. symptoms) or serve as an 
indicator for game addiction. In addition, how heavy gaming, as a potential indicator or risk 
factor of game addiction, influences long-term outcomes is not known.  
In order to fill the gap in the literature, this study explores the different cut-off point of 
heavy gaming and how these different levels of overuse impact the long-term health, mental 
health and education outcomes, both for male adolescents and female adolescents. Overall, the 
results from this study have the potential to improve our understanding of the phenomenon of 
gaming addiction and provide meaningful information to the diagnostic criteria. Further, this 
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work will help establish the significance and provide a rationale for treatment and possible policy 
restrictions on heavy gaming.  
Research Questions and Hypotheses 
 This study will investigate research questions and hypotheses in Table 1 below.  
Table 1. Research Questions and Hypotheses 
Research questions Hypotheses 
1. What are the effects of adolescent heavy 
video and computer gaming on mental health 
problems, such as depression, conduct disorder and 
substance use disorder? 
Hypothesis 1: adolescent heavy gaming (frequency of 
use), as measured by weekly video/computer game use 
hours (as measured by frequency of video/computer 
gaming), will increase the risk of depression five years 
later 
 Hypothesis 2: adolescent heavy gaming will increase the 
risk of conduct disorder five years later 
 Hypothesis 3: adolescent heavy gaming will increase the 
risk of marijuana use five years later 
 Hypothesis 4: adolescent heavy gaming will increase the 
risk of heavy drinking five years later 
2. What are the effect of adolescent heavy video 
and computer gaming on health problems, such as 
general health condition and obesity? 
Hypothesis 5: the adolescent heavy gaming group will 
have poorer general health five years later 
 Hypothesis 6: the adolescent heavy gaming group will 
have  higher BMI five years later 
 Hypothesis 7: adolescent heavy gaming will increase the 
risk of obesity five years later 
3. What are the effects of adolescent heavy 
video and computer gaming on educational outcomes, 
such as GPA, high school completion and total years 
of school completed? 
Hypothesis 8: the adolescent heavy gaming group will 
have lower high school completion five years later 
 Hypothesis 9: the adolescent heavy gaming group will 
have fewer years of school completed 
4. What are differences in the above effects 
when using different cut-off points for heavy gaming 
Hypothesis 10: the negative impact of heavy gaming on 
above outcomes will be stronger at higher cut-off points 
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CHAPTER 3: STUDY DESIGN AND METHOD 
Overview of Research Design 
The current study was made up of several related parts that examine the effects of 
different levels of heavy gaming on different outcomes. Specifically, this study explored the 
causal relationship between heavy gaming (using different cut-off points) on mental health 
problems (depression/conduct disorder/substance use), physical health problems (general health 
and obesity), and education outcomes (total years of school completion and high school 
completion). Data from the National Longitudinal Study of Adolescent Health was used to 
identify the causal relationships. A propensity score matching method (PSM) was used to control 
for baseline differences.  
Data and Sample 
Secondary data analysis was performed using the three waves of the National 
Longitudinal Study of Adolescent Health (Add Health) (Harris et al., 2009), which was a 
longitudinal study of a nationally representative sample of adolescents conducted from 
September 1994 to April 2002. Wave 1, which was conducted from 1994 to 1995, included 
20745 observations. A followed up Wave 2 was conducted in 1996 with 14738 observations. The 
Wave 3 contained 15197 observations (Center, 2013). The average age of participants was 16.2 
in Wave 1, 17.2 in Wave 2 and 22.6 in Wave 3.  The data set was weighted to approximate the 
general population of the United States.  
For this study, the participants who had valid data in all three waves were included in the 
analysis. There were 10828 adolescents from Wave 1 who had valid data values in both Wave 2 
and Wave 3. For these 10828 adolescents, the average age was 15.8 (SD=1.6). 47.1% were males 
and 52.9% were females. 53.13% were White American, 16% Hispanic, 21% African American, 
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1.89% Asian American, and 7.19% Native American. Approval for the use of this sensitive data 
in the current research was obtained from the Institutional Review Board at the University of 
Illinois.   
Variables and Measures 
This section provides a detailed description of the measurement of dependent variables, 
independent variables and matching variables. The majority of the measurements were chosen 
based on previous studies using the Add Health data and empirical evidence of the internal 
validity as shown in Table 2.   
Independent Variables 
Wave 2 Video/Computer Heavy Gaming 
Video/computer game use was measured by one question in Wave 2:“how many hours a 
week do you play video or computer games?” Responses ranged from 0 hours to 168 hours. Any 
response larger than 168 hours will be changed into missing value. There were different weekly 
usage cut-off points for video/computer heavy gaming: 21 hours, 35 hours, 42 hours and 56 
hours. For example, if the cut-off point is 56, then weekly video/computer game use >=56 was 
coded as 1 for variable video/computer heavy gaming, and <56 was coded as 0. The cut-off 
points were set up for the convenience of practice implication and based on previous studies. To 
be specific, cut-off points were 3 hours usage per day, 5 hours usage per day, 6 hours usage per 
day and 8 hours usage per day. According to previous related studies, spending at least 20 hours 
per week (roughly 3 hours/day) on internet use was found to be a predictor of internet addiction 
at 24 month  follow up (Chih-Hung Ko, Yen, Chen, et al., 2009). In Singapore, gaming addicts 
spent 3 hours daily on average (Choo et al., 2010). In another study in Singapore, 5 hours daily 
was used directly as a cut-off point for excessive internet use (Mythily et al., 2008). It was found 
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in a clinical sample that internet addiction patients who spent more than 6.43 hours daily online 
had significantly higher depression and anxiety levels (Tonioni et al., 2012). And the weekly 
average hours spent on gaming for addicts were 55.3 (7.9 hours/day) in one study in the 
Netherlands (Rooij, Schoenmakers, Vermulst, et al., 2010), and similarly in  Lebanon, the severe 
level internet addicts  spent 7.5 hours a day online on average (Hawi, 2012). Therefore, the most 
frequently observed hours related to game addiction or internet addiction in the literature are 
used as the cut-off points for video/computer heavy gaming.  
Dependent Variables 
Mental Health Outcomes 
Wave 3 depression 
Using a modified Center for Epidemiologic Studies Short Depression Scale (CES-D 10) 
(Andersen, Malmgren, Carter, & Patrick, 1994; Bradley, Bagnell, & Brannen, 2010), frequencies 
of nine items regarding situations during the past week were used to assess depression in Wave 3 
(see Appendix Table A5): 
Responses ranged from 0 “never or rarely” to 3 “most of the time or all of the time”. 
Items of 3 and 7 were reversely coded to be consistent with other items. The summed up scores 
were used as indicators for depression with higher values indicating higher levels of depression. 
According to the summed up scores, adolescents who had scores larger than 7 (75th  percentile 
of all depression scores) were coded as 1 for a dummy variable of depression (1= yes, 0=no). 
This is different from previous studies, which used cutoff scores of 11 or higher for female 
adolescents, and 10 or higher for male adolescents (Primack, Swanier, M., Land, & Fine, 2009). 
However, using the 75th percentile is consistent with the 20 item CES-D cutoff point (at a score 
of 15), which is also based on the 75th percentile of the total depression scores.  
34  
Wave 3 conduct disorder 
According to a modified version of DSM-IV-TR diagnostic criteria (4th ed., text rev.; 
DSM-IV-TR; American Psychiatric Association, 2000), participants were asked in Wave 3 how 
often they engaged in the 13 behaviors associated with conduct disorder in the past 12 months 
(see Appendix Table A5). Responses ranged from 0 “never” to 3 “5 or more times”. Values of 1, 
2, and 3 were collapsed into “1”. If more than 3 responses were coded as 1 for a participant, that 
participant would be considered to have “conduct disorder.” 
Wave 3 substance abuse  
Consistent with previous studies, two variables were constructed for substance abuse: 
heavy drinking and marijuana use (Chen & Jacobson, 2010; Marcus & II, 2013; Needham, 2012). 
Heavy drinking 
In Wave 3, one question was asked regarding heavy drinking: “Over the past 12 months, 
on how many days did you drink five or more drinks in a row?” Responses were as follows: 0, 
“never”; 1, “1 or 2 days in the past year”; 2, “once a month or less”; 3, “2 or 3 days per month”; 
4, “1 or 2 days per week”; 5, “3-5 days per week”; and 6, “every day or almost every day”. 
Responses from 4 to 6 were recoded as 1for a dummy variable of heavy drinking (Dawson, 
Grant, & Li, 2006).  
Marijuana use 
In Wave 3, participants responded to the question: “During the past 30 days, how many 
times have you used marijuana?” The responses were the following categories: 0, “never used 
marijuana”; 1, “used marijuana in the past but did not use marijuana in the past 30 days”; 2, 
“used marijuana one time in the past 30 days”; 3, “used marijuana two to four times in the past 
30 days”; and 4, “used marijuana five or more times in the past 30 days”. Responses from 0 to 1 
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were coded as 0 and responses from 2 to 4 were coded as 1 for a dummy variable of marijuana 
use.  
Health Outcomes 
Wave 3 general health 
 Consistent with a previous study by Tabb (Tabb, 2012), one self-reported question was 
used to measure general health: “In general, how is your health?” The responses ranged as 
follows: 1 “excellent”, 2 “very good”, 3 “good”, 4 “fair”, and 5 “poor”.  The response was 
reverse coded to show better health condition with higher scores.  
Wave 3 obesity 
 Obesity was determined by the measurement of body mass index. Body mass index 
(BMI=weight (kg) / [height (m)]2) was used to assess weight and health (Center for Disease 
Control, 2013). Participants’ height (in feet and inches) and weight (in pounds) were measured, 
and  BMI was calculated according to the following formula: 
BMI= (weight in pounds* 0.453) / [(height in feet *12 + height in inches) *0.0254]2 
When the BMI>=25, the participant was considered overweight, while a participant with 
a BMI>=30 was categorized as obese (Center for Disease Control, 2013).  
Education Outcomes 
Total years of education 
 The question, “What is the highest grade or year of regular school you have completed?” 
was used to assess the total years of education. Answers to this question ranged from 6 (6 grades) 
to 22 (5 or more years of graduate school).  
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High school completion 
  High school completion was assessed based on whether the participant had received a 
high school diploma. Responses were either 0 (no) or 1 (yes). 
Matching Variables 
All of the 29 matching variables were selected from Wave 1 data. Variables which were 
associated with both heavy gaming and outcome variables in Wave 1 were used as matching 
variables.  
Demographic Variables 
Demographic variables were gender, age, ethnicity, parental education and family 
structure. 
Gender (1=male, 0=female) was recoded from the “bio_sex” (1=male, 2=female) 
variable for the purpose of analysis. Age in Wave 1 was based on reported birth date.  For 
convenient calculations, age was calculated based on birth year only (using the formula 95-year) 
Ethnicity in Wave 1 was measured through several questions about adolescents’ subjective racial 
identity. There were six categories: Hispanic or Latino, African American, Native American, 
Asian, and others. If one adolescent selected several identities including Hispanic or Latino, the 
Hispanic or Latino was used as the main identity in the analysis.  
Parental education was used as a proxy for family social economic status because of the 
strong association of these two variables (Liechty, 2007). Consistent with previous studies, the 
highest level of parental education was used in two-parent families (Liechty, 2007). In the 
original questionnaire, ten levels of education were assessed as follows: 1, eight grades or less; 2, 
more than  eight grades, but did not graduate from high school; 3, went to a business, trade, or 
vocational school instead of  high school; 4, high school graduate; 5, completed a GED; 6, went 
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to a business, trade, or vocational school after high school; 7, went to college, but did not 
graduate; 8, graduated from a college or university; 9, professional training beyond a four-year 
college or university; and 10, never went to school. In order to reduce the complexity of 
propensity score matching, education level was recoded into a variable of four categories: 
combining levels 10, 1, 2, and 3 into category of “less than high school;” keeping 4 as category 
of “high school education;” combining 5, 6, and 7 into category of “less than college;” and 
combining 8 and 9 into category of “college level and higher.”  
Family structure refers to whether participants lived in single-parent families or in two-
parent families. It was constructed from a composite variable based on the Wave 1 in-home 
survey. Single parent families were coded as “1” and two parent homes were coded as “0”. There 
were 37.08% single-parent families in the sample.  
Wave 1 BMI 
Body mass index (BMI=weight (kg) / [height (m)]2) was used to assess weight and health 
(Center for Disease Control, 2013). According to the previous studies, being overweight 
(BMI>=25) or obese (BMI>=30) was related to both heavy gaming and depression (Atlantis & 
Baker, 2008; Tsitsika et al., 2009). In addition, BMI was positively associated with conduct 
disorder (Pine, Cohen, Brook, & Coplan, 1997). BMI in this study was calculated according to 
the following formula: 
BMI= (weight in pounds* 0.453) / [(height in feet *12 + height in inches) *0.0254]2 
Self-esteem  
Self-esteem was found to be related to internet addiction, depression, conduct disorder 
and substance use problems (DuBois & Silverthorn, 2004; Ghassemzadeh, Shahraray, & Moradi, 
2008; McPhie & Rawana, 2012; Wheeler, 2010). Self-esteem was measured with four items in 
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Wave 1: “You have a lot of good qualities”; “You have a lot to be proud of ”; “You like yourself 
just the way you are”;  and “You feel like you are doing everything just about right”. These four 
items are part of Rosenberg’s (1965) Self-Esteem Scale (Rosenberg, 1965). Responses ranged 
from 1 “strongly agree” to 5 “strongly disagree”.  In this study, these four items were reverse 
coded so that the higher score indicated higher self-esteem. The scores from four items were 
summed up to create a total score ranged from 4 to 20. The internal consistency of these four 
items was adequate; the Cronbach’s alpha level is 0.7865 (for Wave 1). The measurement of 
self-esteem using these four items was consistent with previous studies using the Add Health 
data (Kort-Butler & Hagewen, 2011).  
Personality  
Among big five personality types, depression was negatively associated with extraversion, 
conscientiousness, and emotional stability, but agreeableness and openness were not found to be 
related to long term depression (Klimstra, Akse, III, Raaijmakers, & Meeus, 2010). Internet and 
video/computer game addiction was found to be related to personality traits like dissociative, 
high harm avoidance, and low self-directedness (Ha et al., 2007). Dissociative personality traits 
paralleled extraversion, while high harm avoidance and low self-directedness are similar to 
openness and conscientiousness, respectively. Therefore, extraversion and conscientiousness 
were used as matching variables for the effect of heavy gaming on depression.  
Contrary to depression, conduct disorder was negatively associated with agreeableness 
and openness (Dam, Janssesns, & De Bruyn, 2005). Aggression, which is part of conduct 
disorder, was found to be negatively related to agreeableness, conscientiousness, and emotional 
stability. Extraversion and openness were not found to be significantly associated with 
aggression (Klimstra et al., 2010).  Therefore, conscientiousness and agreeableness were used as 
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matching variables for the effect of heavy gaming on conduct disorder. Similar to conduct 
disorder, substance use was less related to emotional stability but more associated with a lower 
level of agreeableness. Similar to depression, substance use was associated with low 
conscientiousness and extraversion (Kotov, Gamez, Schmidt, & Watson, 2010). Therefore, 
agreeableness, conscientiousness and extraversion were used as matching variables for the effect 
of heavy gaming on substance use problems.  
Extraversion was assessed based on two items: “You feel socially accepted” and “You 
feel loved and wanted”. Conscientiousness was measured by the following items: “When making 
decisions, you usually go with your ‘gut feeling’ without thinking too much about the 
consequence of each alternative”; “When you have a problem to solve, one of the first things you 
do is get as many facts about the problem as possible”; “When you are attempting to find a 
solution to a problem, you usually try to think of as many different ways to approach the problem 
as possible”; “When making decision, you generally use a systematic method for judging and 
comparing alternatives”; and “After carrying out a solution to a problem, you usually try to 
analyze what went right and what went wrong.” Responses ranged from 1 “strongly agrees” to 5 
“strongly disagree”. In this study, the above six items were reversely coded to indicate that 
higher scores represented a higher level of extraversion or conscientiousness. The Cronbach’s 
alpha levels are 0.70 and 0.6236 for extraversion and conscientiousness, respectively. The 
measurement of extraversion and conscientiousness were based on a previous study (J. K. Young 
& Beaujean, 2011). Agreeableness was measured by two items: 1) you never argue with anyone; 
2) you never criticize other people. Openness was measured by 1) you usually go out of your 
way to avoid having to deal with problems in your life, and 2) difficult problems make you very 
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upset. The Cronbach’s alpha levels are 0.42 and 0.54 for openness and agreeableness, 
respectively. 
Religion involvement  
Based on one previous study, adolescents being religious or not was found related to 
internet/gaming addiction. However, we are not sure about the relationship between religious 
involvement and internet/gaming addiction. Religious involvement was found to be negatively 
associated with depression (Kang & Romo, 2011), conduct disorder (Corcoran & Walsh, 2010), 
and substance use disorder (T. D. Hill, Burdette, Weiss, & Chitwood, 2009).  
Three questions were used to assess religious involvement: “In the past 12 months, how 
often did you attend religious services”; “How important is religion to you” and “How often do 
you pray?” Responses for question one ranged from 1 “once a week or more” to 4 “never”. 
Response for question two ranged from 1 “very important” to 4 “not important at all”. Response 
for question three ranged from 1 “at least once a day” to 5 “never”; 4 and 5 were combined to be 
consistent with other two questions. All of the responses were reversely coded and average score 
was used to indicate the religion involvement with higher value representing higher level of 
religion involvement. This measurement is similar but shorter than previous study on religious 
involvement (T. D. Hill et al., 2009; Kang & Romo, 2011), which contained the component of 
observable feelings, beliefs, and activities. The Cronbach’s alpha is 0.8543. 
Parental Attachment 
A higher level of perceived parental care (parental attachment) is related to a lower level 
of internet/game addiction (K. Siomos et al., 2012). Similarly, weak parental attachment is 
related to higher risk of depression, conduct disorder, and substance use problems (Corcoran & 
Walsh, 2010; Hahm, Lahiff, & Guterman, 2003).  
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Ten items in Wave 1 were used to measure parental attachment: (a) “How close do you 
feel to your mother?” (b) “How close do you feel to your father?” (c) “How much do you think 
your mother cares for you?” (d) “How much do you think your father cares for you?” (e) “Most 
of time, your father is warm and loving toward you”; (f) “Most of the time, your mother is warm 
and loving toward you”; (g) “You are satisfied with the way our mother and you communicate 
with each other”; (h) “You are satisfied with the way our father and you communicate with each 
other”; (i) “Overall, you are satisfied with your relationship with your mother”; (j) “Overall, you 
are satisfied with your relationship with your father.” Responses of (a) (b) (c) and (d) ranged 
from 1 “not at all” to 5 “very much”. Responses of (e) (f) (g) (h) (i) and (j) ranged from 1 
“strongly agree” to 5 “strongly disagree”, and reversed code was implemented to indicate that 
higher scores means better perceived relationship. Summed up scores of these ten items were 
constructed to indicate the level of parental attachment. The measurement in this study of 
parental attachment is consistent with some previous studies (Hahm et al., 2003), but with more 
items than some other studies, which only used items (a) to (d) (Copeland, 2010; Galande, 2000).  
Parent Involvement 
Participative and supportive parent involvement was found to be negatively associated 
with internet and video/computer game addiction (Lin et al., 2009), depression, conduct disorder, 
and substance use disorder (Corcoran & Walsh, 2010).  
Parent involvement was measured by asking the activities which participants had done 
with his/her mother/father: (a) gone shopping; (b) play a sport; (c) go to religious services or 
church related event; (d) go to a move, play, museum, concert, or sports event; and (e) worked 
on a project for school. The response for each item was “no” (value=0) or “yes” (value=1). The 
total scores were used in this study, which ranged from 0 to 10, with higher values indicating 
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higher levels of involvement. This measurement is consistent with a previous study (Turley, 
Desmond, & Bruch, 2010).  
Parent Supervision 
Lack of parental supervision was found to be related to internet and video/computer game 
addiction (Kwon & Chung, 2011), as well as conduct disorder and substance use disorder 
(Corcoran & Walsh, 2010).  
 Parent supervision was measured by a list of supervision activities of mother and father 
respectively: (a) “talked about someone you are dating”; (b) “had a talk about a personal 
problem”; (c) “had serious argument about your behavior”; (d) “talk about school work or grade”; 
and (e) “talked about other things doing in school”. The above list of activities was used as 
measurement for the construct of parent communication in a previous study (Turley et al., 2010). 
In this study, two more items were added to construct of parent supervision: (f) “do your parents 
let you make your own decisions about how much TV you watch”; (b) “do your parents let you 
make your own decision about time go to bed on week night”; The response for each item was 
“no” (value=0) or “yes” (value=1). The summed up score of the total 7 items was used to 
indicate parent supervision, which ranges from 0 to 12 with higher value representing higher 
level of supervision.  
Academic Achievement 
Academic achievement is negatively related to video/computer game addiction (Skoric et 
al., 2009), depression(Callicoatte, 2008), substance use problems for adolescents (Wheeler, 2010) 
and conduct disorder (Corcoran & Walsh, 2010). Consistent with previous studies, grade point 
average (GPA) was used in this study to indicate the academic achievement, and GPA was 
constructed by averaging the self-reported grades of English, Mathematics, History, and Science 
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during the past year (Callicoatte, 2008; Wheeler, 2010). Value “4” was assigned to grade “A”, 
“3” to grade “B”, “2” to grade “C”, and “1” to grade “D or lower”.   
Poor Classmate Relationships/Peer Rejection 
Poor classmate relationships or peer rejection was found to be related to higher risk of 
internet and game addiction (Wang et al., 2011), depression, conduct disorder, and substance use 
disorders (Corcoran & Walsh, 2010).  
Classmate relationships was assessed through the question: “how often did you have 
trouble getting along with other students?” The responses ranged from 0 “never” to 4 “everyday”. 
The higher scores indicated poorer classmate relationships or a higher level of peer rejection.   
Poor School Attachment (Poor School Connectedness) 
There is no study about the relationship between school attachment and internet/game 
addiction. However, a negative association between school attachment and substance use 
problems has been established (Corcoran & Walsh, 2010), as well as a negative association with 
depression (Millings, Buck, Montgomery, Spears, & Stallard, 2012) and with aggression (L. G. 
Hill & Werner, 2006). 
Previous studies have usually used three items to assess school attachment: “You feel 
close to people at your school”; “You feel like you are part of your school”; and “You are happy 
to be at your school” (Cheng & Klugman, 2010; Pearson, Muller, & Wilkinson, 2007). 
Responses ranged from 1 “strongly agree” to 5 “strongly disagree”. In this study, average score 
of value was used to measure poor school attachment, with higher values indicating lower levels 
of school attachment. The Cronbach’s alpha for these three items is 0.7736. 
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Neighborhood Cohesion  
Neighborhood cohesion was found to be negatively related to conduct disorder and 
depression (Corcoran & Walsh, 2010). The relationship between neighborhood cohesion and 
internet/game addiction is not clear. In one previous study using the Add Health data, 
neighborhood cohesion was measured through the following 7 items: (a)“You know most of the 
people in your neighborhood”; (b) “In the past month, you have stopped on the street to talk with 
someone who lives in your neighborhood”; (c) “People in this neighborhood look out for each 
other”; (d) “Do you usually feel safe in your neighborhood?”; (e) “On the whole, how happy are 
you with living in your neighborhood”; (f) “Do you use a physical fitness or recreation center in 
your neighborhood?”; and (g) “If, for any reason, you had to move from here to some other 
neighborhood, how happy or unhappy would you be?” However, the Cronbach’s alpha was low 
with the value of 0.59 (Bernat, Oakes, Pettingell, & Resnick, 2012). Therefore, the last two items, 
which were not relevant or redundant, were removed for the current study. Responses from (a) to 
(c) were 1 “true” and 2 “false”. Values of 0 were recoded if the response is “false”. Responses 
for item (e) ranged from 1 “not at all” to 5 “very much”. Values of 1 and 2 were recoded as 0, 
and values of 3, 4 and 5 were recoded as 1. The Cronbach’s alpha is 0.5627 for this new 
measurement, with the summed up score as indicator of the neighborhood cohesion.  
Fixed Effect of School 
A unique school code was used to identify each school that participants attended. A fixed 
effect of school was considered in the matching analysis in case participants in one school might 
be more likely to use video/computer games than those in another school. 
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Depression in Wave 1 
The measurement of depression was based on a modified 20-item version of the Center 
for Epidemiological Studies Depression Scale (CES-D), a widely used measurement (Radloff, 
1977). Participants were asked about how often each of the 20 questions (see Appendix table A5) 
was true during the past week. 
Except for the last question, the responses ranged from 0 “never or rarely” to 3 “most of 
the time or all of the time”. The last question was asked about the participant’s condition during 
the past 12 months. The responses for the last question were: 0, “never”; 1, “just a few times”; 2, 
“about once a week”; 3 “almost every day”; and 4 “everyday”. In order to be consistent with the 
other questions, categories of “almost every day” and “everyday” were combined into one 
category “almost every day or everyday”, and a value of 3 was assigned to this category. For 
questions 4, 8, 11, and 15, response values were reversely coded, and the sum of the 20 questions 
served as the score for depression (Roberts, Lewinsohn, & Seeley, 1991). Continuous 
measurement of depression was used in this study when it served as a matching variable. 
Video/Computer Game Use in Wave 1 
As a matching variable in Wave 1, video/computer game use was measured through one 
question: “How many hours a week do you play video or computer games?” This was a 
continuous variable with values from 0 up to 168 (with any responses over 168 hours per week 
excluded as a missing value).  
Conduct Disorder in Wave 1 
According to DSM-IV-TR diagnostic criteria, participants were asked about how often 
they did each of 13 actions considered to be part of conduct disorder (see Table 5 in Appendix) 
in the past 12 months: 
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Responses ranged from 0 “never” to 3 “5 or more times”. Values of 1, 2, and 3 were 
combined into “1” for items 1, 2, 4, 6, 7, 8, 9, 10, 11, 12, 13. For item 3, values of 0, 1, and 2 
were collapsed into “0”, and value of 3 was recoded into “1”. For item 5, values of 0 and 1 were 
collapsed into “0”, and values of 2 and 3 were collapsed into “1”. When the summed up score of 
these 13 items was equal to or larger than 3, the participant was coded as “1” for the dummy 
variable “conduct disorder” (1=yes, 0=no). The measurement of conduct disorder is consistent 
with DSM-IV-TR criteria and previous studies (American Psychiatric Association, 2000; Fang, 
Massetti, Ouyang, Grosse, & Mercy, 2010).  
Substance Use in Wave1 
Heavy drinking 
In Wave 1, one question was asked regarding heavy drinking: (a) “Over the past 12 
months, on how many days did you drink five or more drinks in a row?”. Responses were 
reverse coded as follows: 0, “never”; 1, “1 or 2 days in the past year”; 2, “once a month or less”; 
3, “2 or 3 days per month”; 4, “1 or 2 days per week”; 5, “3-5 days per week”; and 6, “every day 
or almost every day”. Higher numbers indicated more frequent heavy drinking.  
Marijuana use 
In Wave 1, participants responded to the question: “During the past 30 days, how many 
times have you used marijuana?”. The response ranged from 0 to 900 times.  
Missing data 
 The internal validity and missing values of the matching variables are summarized in 
Table 2. The percentage of missing values ranges from 0.15% to 6.49% across all matching 
variables.
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Table 2. Internal Validity and Missing Values for all Matching Variables 
Variables 
 
Internal validity Missing 
Gender N 0.15% 
Age N 0.22% 
Ethnicity N 0.77% 
Parental education N 6.49% 
Family structure N 0.00% 
BMI N 2.88% 
Self-esteem 0.7865 0.55% 
Personality   
  Extraversion 
  Conscientiousness 
  Openness 
  Agreeableness 
0.7   
0.6236  
0.4246 
0.5422  
0.58% 
1.84% 
0.96% 
0.77% 
Religion practice 0.8543 0.52% 
Depression 0.8628 0.72% 
Conduct disorder DSM-IV-TR count 3 1.63% 
Substance use   
  Heavy drinking  
  Marijuana use 
N 
N 
0.39% 
2.17% 
General health N 0.26% 
Game use N 0.36% 
Parental attachment 0.8048 0.55% 
Parent involvement 0.6338 0.58% 
Parent supervision 0.6328 0.54% 
GPA N 3.57% 
Peer rejection N 2.17% 
Poor school attachment 0.7736 2.33% 
Neighborhood cohesion 0.5627 2.49% 
Fixed school effect N 0.00% 
 
Listwise deletion was used in the matching process and final multivariate analysis. 
Listwise deletion is the least problematic of the conventional methods used for handling missing 
data. Especially for regression analysis, listwise deletion sometimes is more robust and may do 
better than more complicated methods, such as maximum likelihood or multiple imputation 
(Allison, 2001).  
Data Analysis 
Propensity Score Matching 
Matching is finding a control group which has equivalent characteristics as the treatment 
group to reduce the bias in the estimation of the treatment effect (William R. Shadish, Thomas D. 
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Cook, & Donald T. Campbell, 2002). Propensity score matching is one of the matching methods, 
in which “many dimensions of covariates are reduced into one composite score produced by a 
logit regression” (p.121). The treatment group will be matched to a control group with similar 
propensity scores. The assumption of propensity score matching is the conditional independence 
assumption, which assumes that  the potential outcomes under the control or treatment group are 
independent of treatment assignment, conditional on all matching covariates (Rosenbaum & 
Bubin, 1983). In other words, it is assumed that there are no omitted confounders that are related 
to both the treatment and the effect.  
This approach is better than regression in the following aspects. First, it will not be 
constrained to the linearity assumption under the regression model when estimating the effect of 
heavy gaming on depression and other outcomes. Second, the propensity score matching method 
enables estimating the effect of heavy gaming without relying on the extrapolation to extend the 
relationship to the regions where the density of heavy gaming is low. However, it is limited by 
the region of common support, which is similar to the assumption of extrapolation beyond 
observed values. Third, propensity score matching methods can clarify the common region of 
support, which means that the causal inference can only be made between a propensity score 
region where both treatment and control group units exist. In this study, the region is where there 
are both heavy gamers and non-heavy gamers who can be matched and used to estimate the 
effect of heavy gaming on different outcomes.  
There are different types of propensity score matching, including 1 to 1 matching, caliper 
matching, nearest neighbor matching, optimal matching, stratification matching, and matching 
with or without replacement (Murnane & Willett, 2011). In this study, nearest neighbor matching 
with a caliper (25% standard deviation of propensity score) was used to achieve balanced groups. 
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In addition, school fixed-effect was added into the matching process to reduce the potential bias 
introduced by non-random distribution of heavy gamers and non-heavy gamers in different 
schools. Furthermore, sampling weights with region strata were added in the matching process to 
extend the generalizability of this research.  
Several steps were done to implement propensity score matching. First, a logit model was 
fitted to predict the probability of being heavy gamers in Wave 2 using the matching variables 
from Wave 1 under sampling weights and school fixed-effect. In this step, the propensity score 
combined with sampling weights was obtained, which was each adolescents’ probability of 
becoming heavy gamers given his or her vector of observed covariates. Second, nearest neighbor 
matching with a caliper (25% standard deviation of propensity score) and replacement was used 
to match heavy gamers with non-heavy gamers. Third, the balance between the two groups was 
assessed in terms of each variable in the covariate vector to detect how the matching reduced or 
eliminated the difference between the two groups. The standardized mean difference was used to 
determine whether bias was reduced. If good balance was not achieved in the previous matching 
process, a higher ordered term (first a square term then if needed a natural log term instead) was 
added and the matching process was repeated.  
Final Analysis 
Multiple Regressions 
After achieving two balanced groups (heavy gaming group and non-heavy gaming group), 
multiple regressions were used to test the effects of Wave 2 heavy gaming on Wave 3 mental 
health, health and education outcomes. Before doing multiple regressions, the skewness of 
continuous dependent variables was tested. Natural log transformations were done for dependent 
variables which were skewed (Stock & Watson, 2003).   
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Under the conditional independence assumption, which means that being in the heavy 
gaming group or not at Wave 2 was not correlated with adolescents’ potential outcomes in Wave 
3 in this study, the coefficient was the unbiased estimate of the effect of heavy gaming on mental 
health, health and education outcomes at Wave 3.  
Besides outcomes from propensity score matching models, other results from simple and 
multiple regressions were produced to test the robustness of the effect of heavy gaming on 
different outcomes.  Stata 11.0 was used to do the propensity score matching analysis and final 
analysis. The detailed analysis plan is in Table 3. 
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Table 3. Analysis Plan for Hypotheses 
Hypotheses Analysis Plan 
Hypothesis 1: adolescent heavy 
gaming (frequency of use), as 
measured by weekly video/computer 
game use hours (as measured by 
frequency of video/computer gaming), 
will increase the risk of depression five 
years later 
1. Multiple regression predicting Wave 3 depression based on two 
matched groups, conditioning on propensity score and all matching 
variables 
Hypothesis 2: adolescent heavy 
gaming will increase the risk of 
conduct disorder five years later 
2. Multiple regression predicting Wave 3 conduct disorder based on two 
matched groups, conditioning on propensity score and all matching 
variables 
Hypothesis 3: adolescent heavy 
gaming will increase the risk of 
marijuana use five years later 
3. Multiple regression predicting Wave 3 marijuana use based on two 
matched groups, conditioning on propensity score and all matching 
variables 
Hypothesis 4: adolescent heavy 
gaming will increase the risk of heavy 
drinking five years later 
4. Multiple regression predicting Wave 3 heavy drinking based on two 
matched groups, conditioning on propensity score and all matching 
variables 
Hypothesis 5: the adolescent heavy 
gaming group will have poorer general 
health five years later 
5. Multiple regression predicting Wave 3 general health based on two 
matched groups, conditioning on propensity score and all matching 
variables 
Hypothesis 6: the adolescent heavy 
gaming group will have  higher BMI 
five years later 
6. Multiple regression predicting Wave 3 BMI based on two matched 
groups, conditioning on propensity score and all matching variables 
Hypothesis 7: adolescent heavy 
gaming will increase the risk of 
obesity five years later 
7. Multiple regression predicting Wave 3 risk of obesity based on two 
matched groups, conditioning on propensity score and all matching 
variables 
Hypothesis 8: the adolescent heavy 
gaming group will have lower high 
school completion five years later 
8. Multiple regression predicting Wave 3 high school completion based 
on two matched groups, conditioning on propensity score and all 
matching variables 
Hypothesis 9: the adolescent heavy 
gaming group will have fewer years of 
school completed 
9. Multiple regression predicting Wave 3 total years of education based 
on two matched groups, conditioning on propensity score and all 
matching variables 
Hypothesis 10: the negative impact of 
heavy gaming on the above outcomes 
will be stronger at higher cut-off points 
10. The above analyses were repeated using different cut-off points: 21 
hours, 35 hours, 42 hours, 56 hours 
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 Figure 2: Research Hypotheses and Variables 
Heavy gaming 
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CHAPTER 4: RESULTS 
This chapter presents results of matching and multivariate analysis to answer the four 
research questions. Each hypothesis was examined using three different cut-off points for 
heaving gaming: 21 hours, 35 hours, and 42 hours. The analysis of a fourth 56 hours cut-off 
points was removed due to small sample size(n=18) and poor matching results. Also due to 
multiple regression testing using 9 different outcome variables, Bonferroni correction was used 
to avoid experimentwise error. After correction, the new α level in this study is .0045 (.05/9).  
Using 21 Hours as Cut-off Point 
Matching Results 
Equivalence of Groups Prior to and after Matching 
With the propensity score matching method, 136 heavy gaming adolescents were 
matched to 1223 non-heavy gaming adolescents. The matching was successful in reducing bias. 
Before matching, 7 variables among 29 baseline matching variables were significant: age, male, 
gaming time in wave1, parent attachment, GPA, parent education, and African American. The 
absolute value of the standardized mean differences ranged from .003 to 1.515 with .231 on 
average. After matching, only one variable – African American (p=.037) – was significant. The 
African American variable was controlled in the final model comparing heavy game users with 
non-heavy users. The average absolute value of the standardized mean differences for all 29 
matching variables was much lower (mean= .047; range= .001 to .275) after matching versus 
before (mean=. 231). Table 4 includes the values for the baseline differences in relevant 
variables prior to and after propensity score matching. The improvement is shown visually in 
Figures 3 and 4. Figures 3 and 4 show that the propensity score distribution differences between 
heavy gaming group and non-heavy gaming group reduced dramatically after matching. In 
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Figure 4, the overlap of two lines represents that good match of two groups has been achieved in 
the region of common support where propensity scores range from .00 to .67.  
Figure 3.  Propensity Score Distribution before Matching (21 Hours) 
 
Figure 4.  Propensity Score Distribution after Matching (21 Hours) 
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Table 4. Baseline Differences in Relevant Variables Prior to and After Propensity Score Matching (21 Hours) 
 
Variables Prior to Propensity Score Matching After Propensity Score Matching 
 Normal Group 
n=11431  M/% Heavy Gaming Group n=297  M/% P Value Standard Mean Difference Normal Group n=1223  M/% Heavy Gaming Group n=136  M/% P Value Standard Mean Difference  
Micro-system      
  
 
  Individual       
  
 
    Age 15.660 15.210 ** 0.009 -0.294 15.303 15.205 0.608 -0.064 
  Male 0.493 0.778 *** 0.000 0.573 0.722 0.769 0.335 0.095 
  Self-esteem 7.582 7.507 0.784 -0.030 7.531 7.353 0.555 -0.070 
  Conscientiousness 11.763 11.755 0.979 -0.003 11.663 11.772 0.740 0.041 
  Extraversion 3.584 3.521 0.661 -0.049 3.497 3.432 0.684 -0.050 
  Openness 5.239 5.113 0.552 -0.076 5.035 5.007 0.897 -0.017 
  Agreeableness 6.988 7.013 0.901 0.015 6.910 6.947 0.869 0.022 
  Gaming time 2.911 12.349 *** 0.000 1.515 10.629 10.498 0.951 -0.021 
  Conduct scores 0.917 1.034 0.528 0.077 1.048 0.951 0.596 -0.064 
  Depression 11.923 12.805 0.338 0.114 12.584 12.003 0.518 -0.075 
  Marijuana use 1.615 2.362 0.449 0.057 3.025 2.464 0.801 -0.043 
  Heavy drinking 6.921 6.877 0.827 -0.028 7.023 6.929 0.663 -0.060 
  General health 2.099 2.180 0.401 0.089 2.206 2.184 0.840 -0.024 
  Body mass index 23.660 23.048 0.297 -0.106 23.075 23.040 0.957 -0.006 
  Religion practice 6.319 6.917 0.103 0.197 6.643 6.732 0.823 0.029 
Family      
  
 
    Single parent 0.319 0.423 0.057 0.221 0.468 0.422 0.453 -0.097 
  Parent attachment 9.116 7.957 * 0.013 -0.252 8.130 7.990 0.800 -0.031 
  Parent involvement 2.589 2.303 0.118 -0.155 2.239 2.385 0.463 0.079 
  Parent supervision 4.081 3.728 0.194 -0.151 3.667 3.670 0.993 0.001 
School          
  School attachment 2.213 2.296 0.407 0.098 2.215 2.236 0.831 0.026 
  GPA 2.664 2.457 * 0.017 -0.245 2.455 2.464 0.923 0.011 
  Peer rejection 0.897 1.089 0.106 0.200 1.072 1.026 0.713 -0.047 
         
Exo-system          
  Neighborhood 4.092 3.925 0.265 -0.142 3.828 3.973 0.391 0.123 
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Table 4 (cont.) 
         
Variables Prior to Propensity Score Matching After Propensity Score Matching 
 Normal Group 
n=11431  M/% Heavy Gaming Group n=297  M/% P Value Standard Mean Difference Normal Group n=1223  M/% Heavy Gaming Group n=136  M/% P Value Standard Mean Difference  
Macro-system          
  Parent education 5.816 5.154 * 0.011 -0.274 5.300 5.208 0.757 -0.038 
  White American 0.609 0.520 0.102 -0.180 0.421 0.531 0.069 0.221 
  Asian American 0.021 0.042 0.391 0.150 0.027 0.044 0.539 0.120 
  African American 0.176 0.297 * 0.014 0.286 0.396 0.279 * 0.037 -0.275 
  Native American 0.050 0.045 0.818 -0.017 0.048 0.047 0.963 -0.004 
  Hispanic 0.134 0.096 0.208 -0.099 0.108 0.098 0.781 -0.024 
Other variables          
  ln(gaming time) -0.491 1.168 *** 0.000 0.911 1.092 1.051 0.864 -0.022 
  P-scores 0.024 0.125 *** 0.000 2.392 0.100 0.102 0.893 0.046 
Note: All the numbers prior to matching are under sampling weight; all the numbers after matching are under a combined weight with both matching weight and 
sampling weight. 
*p<.05; **p<.01; ***p<.001  
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Research Question 1: Is adolescent heavy gaming longitudinally associated with poor health 
outcomes five years later? 
Health Outcomes 
General health in Wave 3 
Results from five models were presented in Table 5. Model 1 is a raw regression model, 
which using Wave 2 heavy gaming predicts Wave 3 general health under sampling weight. 
Model 2 is a multiple regression model, which adds 29 baseline matching variables as covariates 
in Model 1. Models 3 to 5 are regression models based on matched groups: Model 3 is a simple 
OLS regression based on two matched groups; Model 4 adds propensity score as a covariate; 
Model 5 adds both propensity score and all 29 baseline matching variables as covariates. 
Because Model 5 is the proposed model in this study, the following discussion of the results is 
based on this model. 
According to Model 5’s results presented in Table 5, the answer to this research question 
is the opposite. Contrary to what was hypothesized, adolescents who played video and computer 
games more than 21 hours (mean= 35 hours) per week reported better general health five years 
later, compared with adolescents who played less than 21 hours (mean= 3 hours) weekly 
(Coef.=.143, p=.001).  
BMI 
 BMI in Wave 3 was positively skewed, so a natural log transformation was done before 
final analysis. Both results before natural log transformation and after natural log transformation 
were reported in Table 5. According to Model 5, adolescents who played video and computer 
games more than 21 hours per week were longitudinally associated with lower BMI compared 
with adolescents who played less than 21 hours weekly (coef.=-1.329, p<.001). In addition, 
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compared with BMI of adolescents who played less than 21 hours weekly, the average BMI of 
adolescents who played video and computer games more than 21 hours per week were 
longitudinally reduced by 4.8% (p<.001). 
Obesity 
            Similarly, as shown in Table 5, adolescents who played video and computer games more 
than 21 hours per week were 8.4% less likely to have obesity five years later, compared with 
adolescents who played less than 21 hours per week (p<.001). 
Research Question 2: Does adolescent heavy gaming predict long term negative mental health 
outcomes? 
Mental Health Outcomes  
Although it’s possible that adolescent heavy gaming might associated with higher 
likelihood of conduct disorder (Coef.=.025, p=.027) and with less likelihood of marijuana use 
(Coef=-.057, p=.019), after Bonferroni correction (=.0045), none of the mental health outcomes 
was significant. 
Research Question 3: Does adolescent heavy gaming at Wave 1 predict poor education 
outcomes five years later? 
Education Outcomes  
As shown in Table 5, compared with the adolescents group who played video/computer 
games less than 20 hours per week, the heavy gaming group was 7.4% less likely to finish their 
high school education (p<.001).
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Table 5.  Outcome Summary Using 21 Hours as Cut-off Point 
 
Outcome variables Model 1 Model 2 Model 3 Model 4 Model 5 
 
n Coef. 
p 
value n Coef. 
p 
value n Coef. 
p 
value n Coef. 
p 
value n Coef. 
p 
value 
Health 
               General health 6180 0.097 0.297 6180 0.101 0.303 1359 0.163 0.000 1359 0.163 0.000 1359 0.143 0.001 
BMI 5899 -1.392 0.093 5899 -1.282 0.079 1297 -1.310 0.000 1297 -1.333 0.000 1297 -1.329 0.000 
ln(BMI) 5899 -0.031 0.212 5899 -0.044 0.075 1297 -0.047 0.000 1297 -0.048 0.000 1297 -0.046 0.000 
Obesity 5899 -0.063 0.257 5899 -0.064 0.225 1300 -0.080 0.001 1300 -0.081 0.001 1300 -0.084 0.000 
Mental Health 
               Depression 6167 0.057 0.250 6167 0.039 0.370 1354 0.000 0.997 1354 0.000 0.992 1354 0.021 0.342 
Conduct disorder 5993 0.044 0.160 5993 0.021 0.464 1310 0.036 0.004 1310 0.033 0.007 1310 0.025 0.027 
Heavy drinking 6146 -0.018 0.608 6146 -0.026 0.481 1352 -0.006 0.716 1352 -0.007 0.704 1352 -0.032 0.062 
Marijuana use  6171 0.031 0.545 6171 -0.025 0.637 1354 -0.031 0.245 1354 -0.031 0.232 1354 -0.057 0.019 
Education 
               Total years of education 6179 -0.585 0.004 6179 0.030 0.861 1359 -0.091 0.337 1359 -0.088 0.349 1359 -0.053 0.480 
High school completion 6179 -0.121 0.016 6179 -0.054 0.236 1359 -0.079 0.001 1359 -0.079 0.001 1359 -0.074 0.000 
                
Note: Coef.=coefficients. Highlighted numbers are significant coefficients which have a p value less than .0045.  
Model 1 is a raw regression model; Model 2 is a multiple regression model; Model 3 to 5 are regression models based on matched groups; Model 3 is a simple 
OLS regression based on two matched groups; Model 4 adds propensity score as covariate. Model 5 add both propensity score and all the matching variables as 
covariates; Model 5 is the proposed model in this study. 
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Using 35 Hours as Cut-off Point 
Matching Results 
  
Equivalence of Groups Prior to and after Matching 
With the propensity score matching method, 49 heavy gaming adolescents were matched 
to 883 non-heavy gaming adolescents. A good match was achieved based on equivalence testing 
after matching. Before matching, 8 out of 29 baseline matching variables were significant. These 
were male, gaming time in Wave 1, school attachment, GPA, parent education, White American, 
African American, and Hispanic American. In addition, the average absolute value of the 
standardized mean differences was .411, ranging from .04 to 2.777. However, after matching, 
none of the 29 baseline matching variables was significant, and the average absolute value of the 
standardized mean differences was reduced to .094 (range=.005 to .353). All 29 baseline 
matching variables were added as covariates in the final analysis to control for any remaining 
bias between two matched groups. Table 6 includes the values for the baseline differences in 
relevant variables prior to and after propensity score matching. The improvement is shown 
visually in Figures 5 and 6: a good match was constructed within the region of common support 
(.00 to .53).
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Table 6. Baseline Differences in Relevant Variables Prior to and After Propensity Score Matching (35 Hours) 
 
Variables Prior to Propensity Score Matching After Propensity Score Matching 
 Normal Group 
n=14598  M/% Heavy Gaming Group n=126  M/% P Value Standard Mean Difference Normal Group n=883  M/% Heavy Gaming Group n=49  M/% P Value Standard Mean Difference  
Micro-system           
Individual            
  Age 15.891 15.706 0.475 -0.128 15.640 15.729  0.776 0.061 
  Male 0.500 0.881 *** 0.000 0.766 0.817 0.860  0.472 0.087 
  Self-esteem 7.639 7.517 0.789 -0.048 7.445 7.157  0.542 -0.112 
  Conscientiousness 11.722 12.154 0.330 0.163 12.272 12.274  0.997 0.001 
  Extraversion 3.601 3.769 0.451 0.129 3.537 3.597  0.768 0.046 
  Openness 5.177 5.577 0.230 0.244 5.483 5.334  0.627 -0.091 
  Agreeableness 7.019 6.902 0.685 -0.071 6.960 6.692  0.405 -0.162 
  Gaming time 2.956 19.648 *** 0.000 2.777 11.148 13.010  0.571 0.310 
  Conduct scores 0.985 1.619 0.142 0.398 1.457 1.465  0.986 0.005 
  Depression 12.304 15.033 0.114 0.347 13.154 13.117  0.981 -0.005 
  Marijuana use 1.980 4.651 0.256 0.201 4.013 5.476  0.689 0.110 
  Heavy drinking 6.810 6.523 0.412 -0.176 7.092 6.655  0.288 -0.268 
  General health 2.165 2.237 0.684 0.079 2.089 2.311  0.297 0.244 
  Body mass index 24.097 23.862 0.795 -0.040 24.381 23.896  0.678 -0.082 
  Religion practice 6.431 7.494 0.072 0.348 6.917 7.130  0.767 0.069 
Family      
  
 
    Single parent 0.343 0.435 0.283 0.192 0.377 0.453  0.460 0.160 
  Parent attachment 9.124 8.320 0.205 -0.172 8.604 8.562  0.957 -0.009 
  Parent involvement 2.476 1.903 0.055 -0.316 1.820 2.047  0.506 0.125 
  Parent supervision 4.095 3.551 0.203 -0.232 4.024 3.325  0.168 -0.299 
School           
  School attachment 2.221 2.684 * 0.011 0.546 2.491 2.575  0.667 0.099 
  GPA 2.574 2.246 * 0.022 -0.384 2.326 2.241  0.637 -0.100 
  Peer rejection 0.913 1.068 0.472 0.157 0.913 0.893  0.924 -0.020 
           
Exo-system           
  Neighborhood 4.073 3.966 0.624 -0.089 4.199 4.089  0.636 -0.092 
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Table 6 (cont.) 
          
Variables Prior to Propensity Score Matching After Propensity Score Matching 
 Normal Group 
n=14598  M/% Heavy Gaming Group n=126  M/% P Value Standard Mean Difference Normal Group n=883  M/% Heavy Gaming Group n=49  M/% P Value Standard Mean Difference  
Macro-system           
  Parent education 5.643 4.891 * 0.029 -0.311 5.066 4.911  0.759 -0.064 
  White American 0.604 0.431 * 0.044 -0.349 0.327 0.473  0.167 0.293 
  Asian American 0.024 0.046 0.627 0.152 0.026 0.054  0.598 0.195 
  African American 0.201 0.392 * 0.018 0.448 0.487 0.336  0.123 -0.353 
  Native American 0.050 0.082 0.512 0.106 0.094 0.083  0.863 -0.034 
  Hispanic 0.117 0.050 * 0.018 -0.167 0.066 0.054  0.739 -0.030 
Other variables           
  ln(gaming time) -0.479 1.878 *** 0.000 1.300 1.410 1.519  0.773 0.060 
  P-scores 0.013 0.247 *** 0.000 5.207 0.159 0.156  0.946 -0.062 
Note: All the numbers prior to matching are under sampling weight; all the numbers after matching are under a combined weight with both matching weight and 
sampling weight. 
*p<.05; **p<.01; ***p<.001  
 
Figure 5 & 6.  Propensity Score Distribution Before and After Matching (35 Hours) 
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Research Question1 
Health Outcomes  
Similar to using 21 hours per week as the cut-off point for heavy gaming, adolescents 
who played video and computer games more than 35 hours per week reported better general 
health (Coef.=.319, p<.001), had 2.668 lower BMI (or BMI reduced by 5.8%), and were 17.3% 
less likely to be obese five years later (Coef.=-0.173, p<.001).  
Research Question 2 
Mental Health Outcomes 
 As shown in Table 7, Adolescents who played video and computer games more than 35 
hours weekly were 22.2% less like to use marijuana five years later (p<.001). Similar to using 
the 21 hours per week cut-off point, the longitudinal association between heavy gaming and 
conduct disorder (Coef.=.033, p=.030) was not significant after Bonforroni correction.  
Research Question 3  
Education Outcomes 
Contrary to Hypothesis 9, adolescents who played video and computer games more than 
35 hours per week were associated with .319 years more education five years later (p<.001). 
However, there was no significant difference between two matched groups in terms of high 
school completion.  
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Table 7. Outcome Summary Using 35 Hours as Cut-off Point 
 
Outcome variables Model 1 Model 2 Model 3 Model 4 Model 5 
 
n Coef. 
p 
value n Coef. 
p 
value n Coef. 
p 
value n Coef. 
p 
value n Coef. 
p 
value 
Health 
               General health 4034 0.179 0.143 4034 0.318 0.022 932 0.355 0.000 932 0.353 0.000 932 0.319 0.000 
BMI 3842 -1.481 0.125 3842 -1.797 0.028 887 -3.130 0.000 887 -3.120 0.000 887 -2.668 0.000 
ln BMI 3842 -0.042 0.116 3842 -0.054 0.051 887 -0.071 0.000 887 -0.071 0.000 887 -0.058 0.000 
Obesity 3842 -0.070 0.359 3842 -0.101 0.206 887 -0.183 0.000 887 -0.183 0.000 887 -0.173 0.000 
Mental Health 
               Depression 4021 0.033 0.679 4021 -0.018 0.793 925 -0.026 0.334 925 -0.026 0.338 925 0.010 0.703 
Conduct disorder 3895 0.081 0.183 3895 0.360 0.516 904 0.052 0.008 904 0.052 0.005 904 0.033 0.030 
Heavy drinking 4007 0.034 0.581 4007 0.027 0.667 926 0.003 0.912 926 0.002 0.925 926 0.006 0.768 
Marijuana use  4029 -0.060 0.432 4029 -0.207 0.004 932 -0.188 0.000 932 -0.187 0.000 932 -0.222 0.000 
Education 
               Total years of education 4033 -0.382 0.194 4033 0.419 0.114 932 0.043 0.728 932 0.037 0.758 932 0.319 0.001 
High school completion 4035 -0.087 0.312 4035 0.050 0.487 932 -0.047 0.092 932 -0.049 0.077 932 0.035 0.113 
                
Note: Coef.=coefficients. Highlighted numbers are significant coefficients which have a p value less than .0045.  
Model 1 is a raw regression model; Model 2 is a multiple regression model; Model 3 to 5 are regression models based on matched groups; Model 3 is a simple 
OLS regression based on two matched groups; Model 4 adds propensity score as covariate. Model 5 add both propensity score and all the matching variables as 
covariates. 
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Using 42 Hours as Cut-off Point 
Matching Results 
 
Equivalence of Groups Prior to and after Matching 
Using propensity score matching, 27 heavy gaming adolescents were matched to 1305 
non-heavy gaming adolescents. At the 42 hours cut-off point, bias was reduced greatly after 
matching between two groups. Before matching, 7 out of 29 baseline matching variables were 
significant between two groups with an average absolute standardized mean difference of .539 
(range=.011 to 3.918), which is large. After matching, none of the variables was significant and 
the absolute average standardized mean difference was reduced to .148 (range=.004 to 1.069). 
The largest absolute standardized mean difference was found in the gaming time variable 
(SMD= -1.069). Though this difference is large, it is negative: the baseline gaming time in the 
non-heavy gaming group was higher. In addition, all the baseline matching variables were used 
as covariates in the final multiple regression analysis predicting different outcomes in Wave 3. 
Therefore, the final analysis should not be biased toward more positive estimation. Table 8 
includes the values for the baseline differences in relevant variables prior to and after propensity 
score matching. As shown in Figures 7 and 8, within the region of common support (pscore=.00 
to .56), a match can be achieved between two groups. However, the propensity score density 
difference between these two groups might result in some discrepancy between them. More 
detailed information about balance checking between the two matched groups is presented in 
Table 8. 
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Table 8. Baseline Differences in Relevant Variables Prior to and After Propensity Score Matching (42 Hours) 
 
Variables Prior to Propensity Score Matching After Propensity Score Matching 
 Normal Group 
n=14664  M/% Heavy Gaming Group n=74  M/% P Value Standard Mean Difference Normal Group n=1305  M/% Heavy Gaming Group n=27  M/% P Value Standard Mean Difference  
Micro-system           
Individual            
  Age 15.895 15.772 0.737 -0.085 16.179 15.933 0.622 -0.171 
  Male 0.499 0.858 *** 0.000 0.720 0.787 0.787 0.999 0.000 
  Self-esteem 7.683 7.118 0.344 -0.219 6.458 6.126 0.448 -0.129 
  Conscientiousness 11.667 11.412 0.615 -0.097 11.132 11.292 0.842 0.061 
  Extraversion 3.649 3.758 0.765 0.082 3.392 3.341 0.874 -0.039 
  Openness 5.198 5.895 0.114 0.429 5.161 5.419 0.560 0.159 
  Agreeableness 6.990 7.207 0.505 0.131 6.915 6.741 0.637 -0.105 
  Gaming time 2.687 25.172 *** 0.000 3.918 17.029 10.894 0.224 -1.069 
  Conduct scores 0.972 1.601 0.203 0.391 0.820 1.418 0.171 0.373 
  Depression 12.469 15.710 0.162 0.411 13.664 12.089 0.292 -0.200 
  Marijuana use 1.990 4.173 0.524 0.152 0.568 5.519 0.318 0.345 
  Heavy drinking 6.804 6.275 0.226 -0.325 7.206 6.880 0.490 -0.200 
  General health 2.178 1.913 0.267 -0.290 1.649 1.794 0.606 0.158 
  Body mass index 24.158 23.139 0.228 -0.173 23.074 23.052 0.987 -0.004 
  Religion practice 6.423 7.603 0.153 0.388 6.767 7.261 0.623 0.162 
Family      
  
 
    Single parent 0.344 0.416 0.512 0.153 0.454 0.468 0.929 0.029 
  Parent attachment 9.142 8.328 0.317 -0.174 8.663 8.332 0.786 -0.071 
  Parent involvement 2.507 1.978 0.210 -0.295 2.026 2.503 0.427 0.265 
  Parent supervision 4.116 4.090 0.966 -0.011 4.438 4.083 0.679 -0.152 
School           
  School attachment 2.208 2.783 * 0.020 0.688 2.341 2.436 0.695 0.114 
  GPA 2.573 2.209 * 0.037 -0.423 2.311 2.346 0.886 0.041 
  Peer rejection 0.907 1.101 0.536 0.196 0.555 0.754 0.453 0.201 
           
Exo-system           
  Neighborhood 4.044 3.864 0.519 -0.147 4.167 4.074 0.767 -0.076 
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Table 8 (cont.) 
         
Variables Prior to Propensity Score Matching After Propensity Score Matching 
 Normal Group 
n=14664  M/% Heavy Gaming Group n=74  M/% P Value Standard Mean Difference Normal Group n=1305  M/% Heavy Gaming Group n=27  M/% P Value Standard Mean Difference  
Macro-system           
  Parent education 5.662 4.566 * 0.023 -0.447 4.242 4.296 0.937 0.022 
  White American 0.586 0.295 ** 0.003 -0.596 0.177 0.364 0.137 0.385 
  Asian American 0.027 0.079 0.484 0.350 0.040 0.000 0.111 -0.269 
  African American 0.181 0.411 * 0.033 0.539 0.428 0.315 0.432 -0.265 
  Native American 0.056 0.137 0.311 0.257 0.126 0.205 0.511 0.249 
  Hispanic 0.146 0.078 0.149 -0.161 0.228 0.116 0.342 -0.265 
Other variables           
  ln(gaming time) -0.523 2.091 *** 0.000 1.448 1.538 1.213 0.615 -0.180 
  P-scores 0.009 0.383 *** 0.000 7.340 0.181 0.180 0.987 -0.017 
Note: All the numbers prior to matching are under sampling weight; all the numbers after matching are under a combined weight with both matching weight and 
sampling weight. 
*p<.05; **p<.01; ***p<.001  
 
Figure 7 & 8.  Propensity Score Distribution before Matching (42 Hours) 
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Research Question1 
Health Outcome 
Similar to the groups with 21 and 35 hour cut-off points, adolescents who played video 
and computer games more than 42 hours per week reported better general health (p<.001). As 
shown in Table 9, the heavy gaming group had lower BMI five years later (p=.007). However, 
after Bonforroni correction, the longitudinal association was not significant between Wave 2 
heavy gaming and Wave 3 BMI (α level: .0045). In addition, the longitudinal association 
between heavy gaming and obesity was not significant (p=.371).  
Research Question 2 
Mental Health Outcomes 
 Similar to the 35 hour cut-off point, adolescents who played video and computer games 
more than 42 hours per week were 14.7% less likely to use marijuana five years later (p<.001). 
In addition, adolescents who played video and computer games more than 42 hours per week 
were less likely to have conduct disorder five years later (Coef.=-.038, p<.001). However, heavy 
gaming adolescents, with 42 hours per week as the cut-off point, were 22.7% more likely to have 
onset of depression five years later (p<.001). Furthermore, it is possible that heavy gaming might 
be associated with heavy drinking five years later (Coef.=.031, p=.036), yet the relationship was 
not significant after Bonferroni correction.  
Research Question 3 
Education Outcomes 
 Contrary to findings at the 35 hour cut-off point, adolescents who played video and 
computer games more than 42 hours per week might be associated with .183 years less education 
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five years later, compared with matched adolescents who played less than 42 hours per week 
(p=.009). Again, this association was not significant after Bonferroni correction.  
Findings presented in this chapter are discussed in the following chapter. Table 10 and 11 
is served as basis in the discussion section, including summary of hypotheses, results and effect 
sizes. 
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Table 9. Outcome Summary Using 42 Hours as Cut-off Point 
 
Outcome variables Model 1 Model 2 Model 3 Model 4 Model 5 
 
n Coef. 
p 
value n Coef. 
p 
value n Coef. 
p 
value n Coef. 
p 
value n Coef. 
p 
value 
Health 
               General health 3225 0.352 0.022 3225 0.454 0.008 1332 0.315 0.000 1332 0.315 0.000 1332 0.248 0.000 
BMI 3058 -1.656 0.163 3058 -0.852 0.443 1256 -0.644 0.037 1256 -0.610 0.038 1256 -0.767 0.007 
Obesity 3058 -0.091 0.351 3058 -0.088 0.403 1264 -0.020 0.425 1264 -0.020 0.426 1264 -0.020 0.371 
Mental Health 
               Depression 3214 0.075 0.501 3214 0.002 0.984 1323 0.143 0.000 1323 0.161 0.000 1323 0.227 0.000 
Conduct disorder 3109 0.075 0.393 3109 0.073 0.323 1284 -0.024 0.000 1284 -0.023 0.000 1284 -0.038 0.000 
Heavy drinking 3202 0.036 0.615 3202 0.046 0.562 1320 0.072 0.000 1320 0.074 0.000 1320 0.031 0.036 
Marijuana use  3220 0.024 0.814 3220 -0.138 0.190 1330 -0.126 0.000 1330 -0.126 0.000 1330 -0.147 0.000 
Education 
               Total years of education 3223 -0.482 0.145 3223 0.107 0.615 1330 -0.157 0.121 1330 -0.158 0.114 1330 -0.183 0.009 
High school completion 3225 -0.142 0.195 3225 0.013 0.897 1332 0.185 0.000 1332 0.184 0.000 1332 0.021 0.303 
                
Note: Coef.=coefficients. Highlighted numbers are significant coefficients which have a p value less than .0045.  
Model 1 is a raw regression model; Model 2 is a multiple regression model; Model 3 to 5 are regression models based on matched groups; Model 3 is a simple 
OLS regression based on two matched groups; Model 4 adds propensity score as covariate. Model 5 add both propensity score and all the matching variables as 
covariates.   
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Table 10. Summary of Findings 
 
Outcome 
variables 
21hours per week 
n= (1223, 136) 
35 hours per week  
n=(883, 49) 
42 hours per week 
n=(1305, 27) 
 Coef p value Effect size Coef p value Effect size Coef p value Effect 
size 
Health          
General health 0.143** 0.001 0.191 0.319*** 0.000 0.464 0.248*** 0.000 0.482 
BMI -1.329*** 0.000 -0.251 -2.668*** 0.000 -0.496 -0.767** 0.007 -0.194 
Obesity -0.084*** 0.000 -0.209 -0.173*** 0.000 -0.454 -0.020 0.371 -0.061 
Mental Health          
Depression 0.021 0.342 0.052 0.010 0.703 0.028 0.227*** 0.000 0.731 
Conduct 
disorder 0.025* 0.027 0.125 0.033* 0.030 0.154 -0.038*** 0.000 -0.427 
Heavy drinking -0.032 0.062 -0.104 0.006 0.768 0.021 0.031* 0.036 0.140 
Marijuana use  -0.057* 0.019 -0.129 -0.222*** 0.000 -0.591 -0.147*** 0.000 -0.468 
Education          
Total years of 
education -0.053 0.480 -0.039 0.319** 0.001 0.229 -0.183** 0.009 -0.174 
High school 
completion -0.074*** 0.000 -0.206 0.035 0.113 0.112 0.021 0.303 0.068 
          
Note. All the data come from model 5; *p<.05; **p<.01; ***p<.001; effect sizes are calculated based on the formula coefficient/root mean squared error. 
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Table 11.  Summary of Hypotheses and Results 
Hypotheses 21 hours  35 hours 42 hours 
Hypothesis 1: adolescent heavy gaming 
(frequency of use), as measured by weekly 
video/computer game use hours (as measured 
by frequency of video/computer gaming), will 
increase the risk of depression five years later 
 
Not supported. The 
result is not 
statistically 
significant.  
Not supported. The 
result is not 
statistically 
significant. 
Supported. 
Hypothesis 2: adolescent heavy gaming will 
increase the risk of conduct disorder five years 
later 
 
Not supported. The 
result is not 
statistically 
significant. 
 
Not supported. The 
result is not 
statistically 
significant. 
Not supported. 
Different direction 
is found. 
Hypothesis 3: adolescent heavy gaming will 
increase the risk of marijuana use five years 
later 
 
Not supported. The 
result is not 
statistically 
significant. 
 
Not supported. 
Different direction 
is found. 
Not supported. 
Different direction 
is found. 
Hypothesis 4: adolescent heavy gaming will 
increase the risk of heavy drinking five years 
later 
 
Not supported. The 
result is not 
statistically 
significant. 
 
Not supported. The 
result is not 
statistically 
significant. 
Not supported. The 
result is not 
statistically 
significant. 
Hypothesis 5: the adolescent heavy gaming 
group will have poorer general health five years 
later 
 
Not supported. 
Different direction 
is found. 
Not supported. 
Different direction 
is found. 
Not supported. 
Different direction 
is found. 
Hypothesis 6: the adolescent heavy gaming 
group will have  higher BMI five years later 
 
Not supported. 
Different direction 
is found. 
Not supported. 
Different direction 
is found. 
Not supported. The 
result is not 
statistically 
significant. 
 
Hypothesis 7: adolescent heavy gaming will 
increase the risk of obesity five years later 
 
Not supported. 
Different direction 
is found. 
Not supported. 
Different direction 
is found. 
Not supported. The 
result is not 
statistically 
significant. 
 
Hypothesis 8: the adolescent heavy gaming 
group will have lower high school completion 
five years later 
 
Supported. Not supported. The 
result is not 
statistically 
significant. 
Not supported. The 
result is not 
statistically 
significant. 
 
Hypothesis 9: the adolescent heavy gaming 
group will have fewer years of school 
completed 
 
Not supported. The 
result is not 
statistically 
significant. 
Not supported. 
Different direction 
is found. 
Not supported. The 
result is not 
statistically 
significant. 
 
Hypothesis 10: the negative impact of heavy 
gaming on above outcomes will be stronger at 
higher cut-off points 
 Not supported. Not supported. 
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CHAPTER 5: IMPLICATIONS AND DISCUSSION 
Summary of Findings and Interpretation 
Research Question 1 
As shown in Table 10, in general, heavy gaming was longitudinally associated with better 
self-reported general health, lower BMI and less likelihood of obesity. And the above finding 
was very consistent across different cut-off points. These findings were different from the 
hypotheses which assumed that heavy gaming was associated with poor general health and with 
higher likelihood of obesity. These findings were also different from previous cross-sectional 
studies, which found that heavy gaming was associated with poor immunization (Cao et al., 
2011) and higher BMI (Tsitsika et al., 2009). One possible explanation of these findings was that 
occupation with gaming made adolescents burn more energy because it is more exciting and 
engaging than other sedentary behavior like watching TV. Video gaming requires physical 
interaction with the controller, while adolescents watching TV would have their hands free to eat 
or drink. The other possible explanation of these findings was that only adolescents who were 
less likely to have heavy gaming behavior were matched. According to propensity score 
matching results using 21/35/42 as cut-off points, all three regions of common support were less 
than .65. This limited region of common support determined that these above findings could not 
be generalized to adolescents who had a higher likelihood of heavy gaming behavior.  
Research Question 2 
As shown in Table 10, across all three cut-off points, heavy gaming was associated with 
less likelihood of marijuana use five years later. Hedges’ g was used to calculate the effect sizes. 
Hedges’ g is a version of Cohen’s d uses the pooled standard deviation, and the magnitude of 
Hedges’ g may be interpreted using Cohen’s d convention (Cohen, 1988; Hedges & Olkin, 
74  
 
1985). While in this study, the square root mean square error of the regression was used as the 
pooled standard deviation in Hedges’ g calculation. Based on Hedges’ g, the effect size of the 
association between heavy gaming and marijuana use is medium with an absolute value larger 
than .3 using cut-off points of both 35 and 42. One possible explanation may be summarized by 
the phrase “drug of choice.” Specifically, if an adolescent were addicted to gaming, he/she might 
be less likely to develop other types of addictions. However, this finding is different from 
previous studies which found that Internet gaming addiction predicted higher likelihood of 
substance use one year later for females (Sun et al., 2012). The differences may also exist 
because heavy gaming is not equal to gaming addiction, and marijuana use is only one kind of 
substance use.  
Consistent with previous research and the hypothesis for the current research, when 
increasing the cut-off point to 42 hours per week, heavy gaming was longitudinally associated 
with depression (effect size=.731).With a large effect size, this finding has practical and clinical 
significance.  One possible explanation is that playing video and computer games more than 6 
hours per day results in less social communication and higher likelihood of isolation, which in 
turn causes long term consequences of depression. This possible causal relationship between 
gaming/internet addiction and depression was discussed by a previous study which suggested 
depression and problematic internet usage might be linked in a mutually enhancing cycle with 
social isolation as mediator (Christakis et al., 2011).  The other possible explanation was that 
being occupied with 6 or more hours of gaming every day might disturb normal sleep and study 
habits. In the long run, with poor sleeping habits and negative influences on academic 
achievements, adolescents might be more likely to develop depression when they enter young 
adulthood. A case study on gaming addiction might present this pattern. Mr. A, an 18-year-old 
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Caucasian adolescent, reported that his life had been taken over by gaming. He played 12 to 16 
hours per day. Beginning from his junior year of his high school, the role-play gaming was 
nearly his only activity. His depression progressively worsened and he began expressing suicidal 
ideation (Allison, 2006). Though it was uncertain whether Mr. A had depression before he began 
to play online games, it appears that heavy gaming may have led to serious depression. More 
research is needed to determine whether factors like disruption of sleep patterns act as 
mechanisms of change.  
Additionally, a higher likelihood of conduct disorder developing seems to be associated 
with heavy gaming at cut-off points of 21 and 35 hours per week (effect sizes = .125 and .154 
respectively). It is possible that being excessively exposed to the violent content in 
video/computer games might have a negative influence on adolescents’ external behaviors. 
Because that there was no related information in terms of the content of gaming in the Add 
Health data, the possible causal links remains uncertain: specifically, the cause may be  the 
violent content of the gaming or the frequency of gaming. This significant association between 
heavy gaming and conduct disorder was consistent with a previous cross-sectional study that 
external behavior problems (aggression and delinquency) were significantly associated with the 
amount of online gaming (Holtz & Appel, 2011). 
However, when increasing the amount of gaming  to 42 hours per week, onset of conduct 
disorder was less likely for adolescents five years later (effect size=-0.427), compared with the 
matched non-heavy gaming group. One possible reason for the inverse results might be an 
accumulation effect of heavy gaming (more occupation), as well as associated depression 
consequences which emerged as a major mental health issue at this level of occupation (effect 
size=.731), which reduce the time and energy for other activities, such as the 13 behaviors in the 
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conduct disorder diagnostic criteria. The other possible reason might be that heavy gaming at this 
level may become the primary activity in daily life, and may be so enjoyable that adolescents are 
therefore less motivated to engage in other aggressive behaviors.   
Research Question 3 
 Heavy gaming, with 21 hours as the cut-off point, was found to be related to less 
likelihood of finishing high school. It is possible that being occupied by gaming might be 
detrimental for the GPA and cause adolescents to drop out of school. Consistent with this 
explanation, King et al. (2012) reported a case study related to internet and gaming addiction 
which found that an adolescent who was engaged with gaming for a long time every day 
neglected his studies and important relationships. Furthermore, some cross-sectional studies have 
found that heavy internet gaming was related to neglecting studies (Hawi, 2012), tardiness or 
absences (Choo et al., 2010) and lower grades at school (Rehbein et al., 2010).   
However, in the current study this association between heavy gaming and high school 
completion was not significant when the cut-off point was increased from 21 to 35 or 42 hours. 
One possible explanation is that with a relatively small effect size (0.2), the significance of this 
association could not be supported because of limited sample sizes in heavy gaming groups using 
35 hours (n=49) or 42 hours (n=27) as the cut-off point, compared to the larger size at 21 hours 
(n=136). 
Limitations 
There are several limitations of this study. First of all, it is hard to fulfill the conditional 
independence assumption under propensity score matching methods in order to have causal 
inferences. The conditional independence assumption in the current research specifically 
assumes that the potential outcomes under the heavy gaming group or non-heavy gaming group 
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are independent for likelihood of heavy gaming, conditional on all matching covariates. In other 
words, it is assumed that there are no omitted confounds (matching variables), which are related 
to both the frequency of gaming and the potential outcomes. This assumption that there are no 
missing matching variables might not be true. For example, video and computer gaming content, 
such as whether an individual plays primarily violent games, might be a confounding variable, 
but this is unavailable in the Add Health data.  
Second, findings from this study can only be generalized to the region of common 
support, where both heavy gaming adolescents and non-heavy gaming adolescent can be 
matched. As discussed before, the regions of common support of all three cut-off points were 
less than .65. Therefore, the results of this study can only be generalized to adolescents who 
seemed less likely to have heavy gaming but developed heavy gaming. Because matches could 
not be achieved for adolescent who were very likely (>.6) to develop heavy gaming, the 
longitudinal associated health, mental health and education outcomes for adolescents in this 
region remain uncertain. This may also explain some of the differences compared to previous 
research, which did include a wider range of likelihood for developing heavy gaming. In 
addition, the results only apply to the population included in the sample in the current study, so 
maybe only adolescents from 1995, not today. Gaming technology has also improved 
substantially in the last two decades with more realistic graphics given a different experience.    
Third, there might be potential measurement errors because of the self-reported Add 
Health data: all the measurements of independent variables, dependent variables, and matching 
variables in this study were self-reported. If there was any bias in the reporting, the constructed 
variables might be biased. Several steps were constructed to reduce potential bias. For the 
independent variable heavy gaming, any unreasonable reporting was recoded as missing values, 
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and list-wise deletion was used in the final analysis. For example, if any reported weekly time on 
gaming was higher than 168 hours (7 days), that was recoded as a missing value. Besides, if 
possible, several items rather than one item were used to measure one variable with Cronbach’s 
alpha level calculated to confirm internal consistency.  
Fifth, missing values in 29 matching variables were not imputed, which resulted in losing 
one third of samples for the heavy gaming groups in this study. Therefore, with limited sample 
sizes, especially for the 35 and 42 hour cut-off points, the power might not be enough to support 
significance of some outcome variables, such as high school completion. Also, if missing values 
are not distributed randomly, then the estimated coefficient might be biased. As discussed in the 
methods session, an additional step was implemented to impute all the missing variables for 
matching variables, as well as adding 29 missing indicators in the matching process. However, 
successful matches could not be achieved using 35 or 42 hours as cut-off points. Finally, the list-
wise deletion method was adopted in the matching process, as well as in the final analysis step.  
Implications for Practice 
Possible DSM-5.X category 
There are arguments both for and against a new diagnostic category for internet/gaming 
addiction. The main argument against a separate category in The Diagnostic and Statistical 
Manual of Mental Disorders (5th ed.; American Psychiatric Association, 2013) exists because of 
the uncertainty about its relationship with other existing mental health problems, while the main 
argument for a separate category stems from the belief that a separate category might open the 
door for people who have this problem to get the help they need (Hinic, 2011). Currently, the 
DSM-5 lists internet and video/computer game addiction not as a new diagnostic category but a 
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problem worth further study (American Psychiatric Association, 2013). The specific term in the 
DSM-5 is Internet gaming disorder. The proposed criteria in the DSM-5 are as follows: 
Persistent and recurrent use of the Internet to engage in games, often with other players, 
leading to clinically significant impairment or distress as indicated by five (or more) of 
the followings in a 12 month period: 
1. Preoccupation with Internet games. The individual thinks about previous gaming 
activity or anticipates playing the next game; Internet gaming becomes the dominant 
activity in daily life. 2. Withdrawal symptoms when Internet gaming is taken away. 
(These symptoms are typically described as irritability, anxiety, or sadness, but there are 
no physical signs of pharmacological withdrawal.) 3. Tolerance—the need to spend 
increasing amount of time engaged in Internet games. 4. Unsuccessful attempts to control 
the participation in Internet games. 5. Loss of interests in previous hobbies and 
entertainment as a result of, and with the caption of Internet games. 6. Continued 
excessive use of Internet games despite knowledge of psychosocial problems. 7. Has 
deceived family members, therapists, or others regarding in the amount of Internet 
gaming. 8. Use of Internet games to escape or relieve a negative mood (e.g., feelings of 
helplessness, guilt, anxiety).9. Has jeopardized or lost a significant relationship, job, or 
educational or career opportunity because of participation in Internet games.  (p.795) 
The DSM-5 speculates that serious and clinically significant difficulties (mental health, 
education) are likely to start at about 30 hours per week of Internet gaming (p. 796). This study 
suggests that there is already a significant impact with 3 hours of gaming per day (21 hours per 
week). At this level of gaming, there is a longitudinal association with high school dropout and 
possible link to conduct disorder.  The causality is not certain, but these findings suggest that 
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already at this level (21 hours), there may be a significant clinical impact on well-being. By 42 
hours, there is strong evidence that heavy gaming is linked to depression. However, no matter 
what cut-off points were used for heavy gaming, it is longitudinally associated with less BMI and 
less likelihood of obesity, as well as less likelihood of marijuana use in young adulthood. 
Therefore, based on this study, the effects of heavy gaming on mental health, health and 
education outcomes are mixed, providing more evidence that gaming addiction – characterized 
by heavy gaming – is not ready to be a new category in the DSM-5.X, with some negative 
outcomes but also some positive outcomes. No matter whether gaming addiction is ready to be 
added as a separate category, it is clear based on this study that heavy gaming is not just a 
symptom of underlying depression: when the use reaches 42 hours per week, heavy gaming 
predicts depression in adulthood, confounding on baseline depression and all of the other 28 
covariates.  
In addition, a further limitation of the results of this study is that the construct used here 
to represent gaming addiction is only part of the diagnostic criteria for the proposed Internet 
gaming disorder in the DSM-5: heavy gaming (preoccupation with Internet games). This research 
has shown that this symptom might induce other negative consequences, such as high school 
dropout, as listed in symptom 9. However, without knowing the information related to 
withdrawal and tolerance, heavy gaming in this study is only related but not equal to gaming 
addiction.  
Furthermore, this study failed to provide preliminary information on one single cut-off 
for heavy gaming which serves as a risk line for long term negative consequences. Instead, this 
study provides a mixed picture: adolescent heavy gaming may be a significant predictor for less 
marijuana use, less obesity and better general health in young adulthood; on the other hand, 
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playing video and computer games at least 21 hours per week predicts a higher rate of high 
school dropout and possible conduct disorder; and playing video and computer games at least 42 
hours per week predicts higher likelihood of depression in young adulthood.  
Treatment Recommendations 
In practice, many internet/gaming addicted patients can get help in clinical settings if they 
have other diagnostic disorders like depression, and they might also attend substance abuse and 
alcoholic group therapy to learn how to deal with their weak self-control for internet or gaming. 
Before adolescents who do not have comorbid problems are able to get help from mental health 
organizations, necessary prevention or treatment at the family level and school level would be 
useful.   
In this study, under the ecological system framework, family level factors such as 
parental attachment and school level factors such as school attachment, were found to be 
significantly different between the heavy gaming group and non-heavy gaming group at the 
baseline (as shown in Table 4, 6, and 8). Therefore, it is possible that increasing school 
attachment and parental attachment might deter adolescents from heavy gaming or help 
adolescents overcome heavy gaming.  
Specifically, increasing school attachment includes making adolescents feel cared for, 
involved and happy at school. Even though there is no prevention study showing that school can 
help prevent internet addiction and gaming addiction, if students have this problem or are at risk, 
school social workers can offer help by showing that they care, and by helping adolescents feel 
loved and involved at school. In addition, short term cognitive behavior therapy and group 
therapy might help in overcoming this problem, which should include giving information about 
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the relationship between time spent on gaming and the possible long term negative outcomes due 
to heavy gaming (Liu, Liao, & Smith, 2012).  
At the family level, parents’ caring, participative and supportive monitoring and 
supervision are possible protective factors according to the literature. Similarity, it was found in 
this study that parents’ attachments might be an influencing factor for heavy gaming. Therefore, 
parents also need to learn how to regulate their children’s behavior related to computer gaming 
and internet use with love and caring. There is some potential advice for parents from this study: 
1. Understand that heavy gaming may induce negative long term consequences.   
2. Use the control settings on gaming consoles and computers to set limits such as when 
and how long children/adolescents play. Computers can be locked, preventing 
children/adolescents from use without the permission from parents. 
3. No more than 3 hours gaming time per day should be allowed, to reduce the risk of 
high school dropout and depression.  
Implications for Policy 
Without enough research to support the proposed Internet gaming disorder and effective 
treatments for internet and gaming addiction, there is a long way to go before internet or gaming 
addiction is covered by health insurance. For example, although pathological gambling is in the 
DSM-IV-TR, mental health care for pathological gambling is still considered investigational, 
because current scientific evidence does not give conclusions concerning the effects of the 
treatment on health outcomes, and the number of private health insurance companies that cover 
the treatment for pathological gambling is uncertain (Potenza, 2002).  
Referral services and customer care from game publishers might be helpful, while 
another approach would be parental controls or time limits imposed by the publishers possibly 
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even with government regulations requiring such limits to be included in the software. A social 
responsibility study in the Netherlands found that online video game publishers provide neither 
referral services nor customer care with regards to video game addiction. The authors 
recommended a dual approach: not only should consumers be informed about potential addiction 
risks, but game publishers should also implement proper referral services (Rooij, Meerkerk, 
Schoenmakers, Griffiths, & Mheen, 2009). A similar approach might be helpful for adolescents 
in the United States. Usage limits might be implemented to decrease the risk of  long-term 
consequences such as depression for adolescents who have not developed effective methods of 
self-control. For example, the Chinese government has restricted the maximum hours that young 
gamers can spend playing online games with limits included in the software by the publishers 
and issued an age restriction (>16 years old) for internet cafés (Rooij et al., 2009). Based on a 
policy statement from the American Academy of Pediatrics, pediatricians should continue to 
counsel parents to limit total non-educational screen time to no more than 2 hours/day for 
children 12 and under ("Policy statement-children, adolescents, obesity, and the media," 2011). 
Similarly, for adolescents, video game or computer game companies can set time limits in the 
product for limit daily use, such as no more than 3 hours per day(D. A. Gentile et al., 2011; 
Chih-Hung Ko, Yen, Chen, et al., 2009). The current study suggests a possible starting point for 
this particular time limit based on potential negative outcomes, including high school dropout 
and conduct disorder.  
Future Research 
 The limitations and implications of this study suggest several research directions for the 
future. First of all, the positive outcome related to marijuana use is difficult to understand. Other 
information needed to better understand the outcome would be about the use of other substances 
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in adolescents. Future research should not be limited to the use of only marijuana and alcohol, 
but should also include other substances.  
Second, more research related to gender differences needs to be done to understand why 
gaming addiction is more common in adolescent males. As shown in Tables 4, 6 and 8, more 
than 75% of the adolescents who engage in heavy gaming are male. Future studies might also 
find gender differences in the effect of heavy gaming on different outcomes, which might 
indicate different treatment or prevention approaches for boys and girls who have heavy gaming 
problems. The results might also be very different for Internet usage across genders given the 
different activities available on the Internet (such as social media) compared to the more limited 
domain of video/computer gaming, which is apparently especially appealing for males. 
Third, research is needed to explain why Asian countries might have more serious 
gaming addiction problems compared with the United States. According to the data analysis in 
the current study, the percentage of heavy gaming in the United States is only 1.71%, which is 
very low compared to the rates found for other countries (see Figure 1). However, this result is 
based on data from 1995, and now twenty years later the usage has probably increased. 
Fourth, in order to understand where the cut-off should be, more research on other 
diagnostically expected criteria is needed. Those suggested by the DSM-5 include:  the clinical 
course of internet gaming (how it evolves; whether it starts out at lower and then increases), 
when (and if) it is accompanied by withdrawal and tolerance, attempts at self-control, and loss of 
interest in other activities. What happens if adolescents are prevented from using the internet for 
gaming beyond 21 hours, and would they become agitated and angry? How often do they go 
without food or sleep while playing? When is there a full pattern that deserves a diagnostic 
classification? 
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Fifth, future research may focus on more distinguishing information, such as under what 
conditions (e.g., gaming content) heavy gaming causes negative outcomes, and under what 
conditions heavy gaming serves as a significant predictor for less serious risk behavior including 
substance use.  
Summary and Contribution 
This study provides a mixed picture. There are negative consequences such as a higher 
rate of depression and high school dropout, but there are also apparent positive outcomes such as 
less obesity and substance use, at least for marijuana. There is no clear cut-off point at which 
gaming addiction can be diagnosed; the effects vary based on the choice of hours per week used 
as a cut-off point.  
Therefore, based on this study, heavy gaming did not appear to be a symptom of 
underlying mental health problems like depression. However, the mixed effects provide more 
evidence that gaming addiction is not yet understood well enough to be a new category in the 
DSM-5. Even though there appear to be positive outcomes associated with video game use, 
limiting use may be necessary during the formative years of high school to reduce the risk of 
long term negative outcomes, whether that is the responsibility of the manufacturers to add time 
limits, the responsibility of the parents or a recommendation for the adolescent users. 
This study is among the first studies to test the longitudinal association between 
adolescent heavy gaming and physical health, mental health and education outcomes. In 
addition, propensity score matching allows rigorous testing of the longitudinal association 
between heavy gaming and other outcomes. While the mixed results of this study do not provide 
a conclusive answer to the problem of video/computer gaming addiction, they do show that more 
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research is required and that the situation is more complicated than as suggested by previous 
research. 
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APPENDIX: TABLES 
Appendix Table A1. Different Assessment Tools for Internet Addiction and Video/computer Game Addiction 
 
Young’s 
diagnostic 
criteria 8 
items 
(Durkee et 
al., 2012) 
 
Young’s 
diagnostic 
criteria 10 
items 
(Shek & Yu, 
2012) 
Young’s 
diagnostic 
criteria 20 items 
(Jelenchick et al., 
2011) 
Fortson’s criteria 
based on 
substance abuse 
and dependence 
(Fortson, Scotti, 
Chen, Malone, & 
Ben, 2010) 
Pathological 
Video Game 
Use based on 
DSM-IV-TR 
pathological 
gambling (Choo 
et al., 2010) 
 
Pathological 
gaming 
(Lemmens et 
al., 2011) 
Video Game 
Dependency 
Scale (Rehbein 
et al., 2010) 
Chinese Internet 
addiction diagnostic 
criteria (Tao et al., 
2010) 
5 or more 70 scores and 
higher;  
First two for 
abuse, three to 
eight for 
dependence 
Have 5 or more During last 6 
months,  
Cronbach’s 
alphas .77 
wave1, .81 
wave2; 
continuous, 
no cut point 
Follows the 
ICD-10 and 
cover five 
dimensions: 
preoccupation/s
alience, 
conflict, loss of 
control, 
withdrawal, 
tolerance 
 
(a) Must Symptom 
criteria: 
Preoccupation with the 
internet; 
Withdrawal, dysphoric 
mood, anxiety, 
irritability and boredom 
after several days 
without internet 
Feeling preoccupied with the 
internet or online services and 
think about it offline 
How often 
staying online 
longer than 
intended 
Failure to fulfill 
major 
responsibilities 
Skipped studies 
to play more 
computer/video 
games 
Tolerance: 
did you start 
spending 
increasing 
amounts of 
time on 
games? 
 
In my thoughts 
I am occupied 
with games 
when I do not 
play 
Selective symptoms: At 
least one or more of the 
following: 
Feeling a need to spend more 
and more time online to 
achieve satisfaction 
Neglect 
household chores 
to spend more 
time online 
Legal problems 
related to use 
internet 
Spend more 
time on VGs to 
feel same 
excitement 
Mood 
modification: 
have you 
played games 
to forget 
about real 
life? 
 
 
My thoughts 
circles around 
playing video 
games when I 
am not playing 
Tolerance, increase in 
internet use required to 
achieve satisfaction 
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Appendix Table A1 (cont.) 
 
      
Young’s 
diagnostic 
criteria 8 
items 
(Durkee et 
al., 2012) 
 
Young’s 
diagnostic 
criteria 10 
items 
(Shek & Yu, 
2012) 
Young’s 
diagnostic 
criteria 20 items 
(Jelenchick et al., 
2011) 
Fortson’s criteria 
based on 
substance abuse 
and dependence 
(Fortson, Scotti, 
Chen, Malone, & 
Ben, 2010) 
Pathological 
Video Game 
Use based on 
DSM-IV-TR 
pathological 
gambling (Choo 
et al., 2010) 
Pathological 
gaming 
(Lemmens et 
al., 2011) 
Video Game 
Dependency 
Scale (Rehbein 
et al., 2010) 
Chinese Internet 
addiction diagnostic 
criteria (Tao et al., 
2010) 
Unable to control online 
use/repeatedly made 
unsuccessful efforts to control, 
cut back or stop internet use 
Prefer the 
excitement of the 
internet to 
intimacy with 
your partner 
Tolerance, such 
as increased use 
to get the same 
desired feeling 
Play VGs to 
escape from 
problems, bad 
feelings or 
stress 
Relapse: have 
others 
unsuccessfull
y tried to 
reduce your 
game use? 
 
Playing games 
becomes a 
routine for me 
Persistent desire and 
unsuccessful attempts 
to control, cut back or 
discontinue internet use 
Feeling restless or irritable 
when attempting to cut down 
or stop online use 
Form new 
relationship with 
fellow online 
users 
Withdrawal, 
interrupted 
important areas 
of life 
functioning or 
led to use similar 
object 
 
Think about 
computer video 
game more and 
more 
Withdrawal: 
did you feel 
bad when you 
were unable 
to play? 
I am doing 
something 
different ant 
then without 
thinking, start a 
video game 
Continued excessive 
use of internet despite 
knowledge of having a 
physical or 
psychological problem 
caused or exacerbated 
by interne use 
Stay online longer than 
originally intended 
Others in your 
life complain to 
you about the 
amount of time 
you spend online 
Use internet for 
longer periods 
than intended 
Stolen VG from 
friend or stolen 
money to buy a 
VG 
Conflicts: did 
you have 
fights with 
others over 
your time 
spent on 
games? 
 
My school 
achievement 
suffers under 
my game habits 
Loss of interests, 
previous hobbies, 
entertainment as a 
direct results of and 
with the exception of 
interne use 
Risk the loss of a significant 
relationship, job, or 
educational or career 
opportunity because of online 
Grades or 
schoolwork 
suffer because of 
the amount of 
time you spend 
online 
Consistent desire 
or unsuccessful 
efforts to control 
Unsuccessful to 
control/cut 
down use 
Problems: 
have you 
neglected 
other 
important 
activities to 
play games? 
I am so 
frequently and 
intensively 
occupied with 
video games 
that sometimes 
I have problems 
in school 
Use the internet to 
escape or relieve a 
dysphoric mood such as 
feelings of helplessness, 
guilt, anxiety 
101  
 
Appendix Table A1 (cont.) 
 
      
Young’s 
diagnostic 
criteria 8 
items 
(Durkee et 
al., 2012) 
 
Young’s 
diagnostic 
criteria 10 
items 
(Shek & Yu, 
2012) 
Young’s 
diagnostic 
criteria 20 items 
(Jelenchick et al., 
2011) 
Fortson’s criteria 
based on 
substance abuse 
and dependence 
(Fortson, Scotti, 
Chen, Malone, & 
Ben, 2010) 
Pathological 
Video Game 
Use based on 
DSM-IV-TR 
pathological 
gambling (Choo 
et al., 2010) 
Pathological 
gaming 
(Lemmens et 
al., 2011) 
Video Game 
Dependency 
Scale (Rehbein 
et al., 2010) 
Chinese Internet 
addiction diagnostic 
criteria (Tao et al., 
2010) 
Lie to family members or 
friends to conceal extent 
internet use 
Check your 
email before 
something else 
that you need to 
do 
Social, 
occupational or 
recreational 
activities 
reduced because 
of internet use 
Lie to family or 
friends about 
how much VG 
play 
Salience: did 
you start 
spending 
increasing 
amounts of 
time on 
games? 
 
 
People 
important to me 
complain that I 
spend too much 
time playing 
(b) Exclusion criterion: 
excessive internet use is 
not better accounted for 
by psychotic disorder or 
bipolar I disorder 
Use the internet as a way of 
escaping from problems or of 
relieving a distressed mood 
Job performance 
or productivity 
suffer because of 
the internet 
Continued use of 
internet despite 
of having a 
psychological or 
physical problem 
Need to borrow 
money to get or 
play 
computer/video 
games 
 
 Because I play 
too much, I 
undertake less 
with others. 
(c) Clinical significant 
impairment criterion 
 Showing 
withdrawal 
when offline, 
such as 
increased 
depression, 
moodiness or 
irritability 
Became 
defensive or 
secretive when 
anyone asks you 
what you do 
online 
 Schoolwork 
suffered 
because too 
much time 
spending on 
computer/ video 
game 
 I often spend 
more time 
playing video 
games than I 
planned 
Functional impairments  
(reduced social, 
academic, working 
ability), including loss 
of a significant 
relationship, job, 
education or career 
opportunities 
 
 Keep on using 
internet even 
after spending 
too much 
money on 
online fees 
Block out 
disturbing 
thoughts about 
your life with 
soothing 
thoughts of the 
internet 
   I have a feeling 
that I cannot 
control my 
gaming time. 
 
(d) Duration of internet 
addiction must have 
lasted for an excess of 3 
months, with at least 6 
hours of internet use 
(non-business/non-
academic) per day 
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Appendix Table A1 (cont.) 
 
      
  Young’s 
diagnostic 
criteria 20 items 
(Jelenchick et al., 
2011) 
 
   Video Game 
Dependency 
Scale (Rehbein 
et al., 2010) 
 
 Find anticipating when you will go 
online again 
 
  If I cannot play, I am irritable and dissatisfied 
 Fear that life without the internet would be boring, 
empty or joyless 
 
 If I do not play for quite a while, I became restless and 
nervous 
 Snap, yell or act annoyed if someone bothers you while 
you are online 
 I have a feeling that video games are getting more and more 
important for me 
 
 Lose sleep due to late night log-ins  I feel forced to play longer and longer to be satisfied 
 
 Feel preoccupied with the internet when offline 
 
    
 Saying “just a few more minutes” when online 
 
    
 Try to cut down the amount of the time 
 
    
 Try to hide how long you’ve been online 
 
    
 Choose to spend more time online over going out with 
others 
 
    
 Feel depressed, moody or nervous when offline, which 
goes away when you are back online 
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Appendix Table A2. The Validity and Reliability of Different Assessment Tools 
 
Authors IAT version Sample Psychometrics 
method 
Factors 
proposed 
Internal 
consistency: 
Cronbach’s 
alphas 
 
Total variance 
explained 
Test-retest 
reliability 
(Jelenchick et 
al., 2011) 
Young 20 
item 
US 215 college 
students 
Exploratory factor 
analysis  
Two factors: 
Dependent use 
Excessive use 
 
0.91 
0.83 
91% NA 
(Barke, 
Nyenhuis, & 
Kroner-
Hwerwig, 2012) 
Young 20 
item 
1041 and 841 
German with mean 
age 23-24 
Exploratory factor 
analysis 
Two factors: 
preoccupation 
and loss of 
control 
 
0.91 
0.89 
46.7% 
42.0% 
Two week 
retest 
reliability 
was r=0.83 
(Guan, Isa, 
Hashim, Pillai, 
& Singh, 2012) 
Young 20 
item 
162 medical 
students in 
Malaysian 
Principal component 
analysis with 
varimax rotation 
 
Five factors 0.91 64% NA 
(Shek et al., 
2008) 
Young’s 10 
item 
6121 Chinese 
primary and 
secondary school 
students 
 
NA NA 0.75 NA NA 
(Rooij et al., 
2012) 
Video Game 
Addiction 
Test 14 items 
2894 aged from 13 
to 16 in 
Netherlands 
Confirmatory factor 
analysis 
One factor 0.93 NA NA 
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Appendix Table A3. Adolescents Internet/Gaming Addiction Studies in Different Countries 
 
Authors Sample size Measurement Percentage of 
internet 
addiction 
 
Daily use hours Correlated problems 
(Hawi, 2012) 833 
(12-16) in Lebanon 
convenient sampling 
 
Arabic version of Young’s 
Internet Addiction Test (20 items) 
4.2% 7.5 Not studying,  
poor time management, sleep 
deprivation 
(F. Cao & Su, 
2006) 
2620 (12-18) in 
China 
convenient sampling 
Modified Young’s Diagnostic 
Questionnaire for Internet 
Addiction (8-items) show 5 or 
more 
2.4% (83% 
male, 17% 
female) 
11.1 (SD 8.6) 
weekly 
Significantly higher scores on 
neuroticism, psychoticism, lie, 
emotional symptoms, conduct 
problems, hyperactivity, lower 
on sense of 
control/value/efficacy of time 
and pro-social behaviors 
 
(H. Cao et al., 
2011) 
17599 (10-24, mean 
age =16.1) in 8 
cities in China,  
multi-stage stratified 
cluster sampling 
 
Young’s Diagnostic 
Questionnaire for Internet 
Addiction (20 items) 
8.1% NA Associated with lack of 
physical energy, physiological 
dysfunction, weakened 
immunity, emotional and 
behavioral problem, social 
adaptation problem, lack of life 
satisfaction  
(K. E. Siomos et 
al., 2008) 
2200 (12-18) in 
Greece 
convenient sampling 
Young’s Diagnostic 
Questionnaire for Internet 
Addiction (8 items) 
5.9% in whole 
sample, 8.2% 
among user 
 
N. 5.8% report 
using more than 20 
h a week 
NA 
(Tsitsika et al., 
2009) 
  
   
897 adolescents in 
Athens, Greece were 
randomly selected 
with mean age of 
15.21 h 
 
Young’s Diagnostic 
Questionnaire for Internet 
Addiction (20 items) 
1% 4 use internet 4 to 
10 h per week; 5 
used more than 20 
h per week 
Larger BMI 
(Kormas, Critselis, 
Janikian, Kafetzis, 
& Tsitsika, 2011) 
866 Greek 
adolescents with 
mean age of 14.7 
Young’s Diagnostic 
Questionnaire for Internet 
Addiction (20 items) 
1.5% NA Associated with Hyperactivity 
OR:9.96, conduct problem OR: 
8.39, comprehensive 
psychosocial maladjustment 
OR: 8.08 
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Appendix Table A3 (cont.) 
 
    
Authors Sample size Measurement Percentage of 
internet 
addiction 
 
Daily use hours Correlated problems 
(Johansson & 
Gotestam, 2004) 
3237(12-18) 
National 
representative data 
in Norwegian 
 
Young’s Diagnostic 
Questionnaire for Internet 
Addiction (8 items) show 5 or 
more 
1.98% NA NA 
(Shek & Yu, 2012) 3580 (10-17) 
convenient 
sampling, 2 years 
follow up in Hong 
Kang 
 
Young’s Diagnostic 
Questionnaire for Internet 
Addiction (10 items) show 4 or 
more 
26.4% Wave 1, 
26.7% Wave 2 
NA NA 
(Fu et al., 2010) 208 (15-19) 
representative of 
Hong Kong Chinese 
youth 
Young’s Diagnostic 
Questionnaire for Internet 
Addiction (8 items) show 5 or 
more 
 
6.7% 86% 1-6 h daily, 
7.1% more than 6 h 
daily 
Higher increase rate of 
depression, suicidal ideation  
(Fortson et al., 
2010) 
411 American 
college students 
(average=20.4), 
 convenient 
sampling 
 
Modified criteria based on DSM-
IV-TR for substance abuse and 
dependence 
21.9% abuse, 
1.2% 
dependence 
2% more than 8 h 
daily in total 
sample 
Correlated with depression 
(Tahiroglu et al., 
2008) 
3975 (12-18) 
secondary and high 
school students in 
Turkey, convenient 
sampling 
 
Online Cognition Scale (OCS) 
developed by David 
7.6% use 
internet more 
than 12 h per 
week 
12.7% more than 8 
h per week gaming 
in total sample 
NA 
(Choo et al., 2010) 2998 (9-13) children 
and adolescent in 
Singaporean, 
convenient sampling 
 
Pathological Video Game Use 8.7% 
pathological 
gaming 
average 20.2 h per 
week (SD=25.5) 
Arguing fights more with 
parents about game, too little 
sleep, late for or skip school, 
decreasing time with friends to 
play 
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Appendix Table A3 (cont.) 
 
    
Authors Sample size Measurement Percentage of 
internet 
addiction 
 
Daily use hours Correlated problems 
(Mythily et al., 
2008) 
2735 (12-18) 
adolescent in 
Singaporean, 
convenient sampling 
 
More than 5 h daily internet use 17.1% 
excessive use 
>5 h daily NA 
(Rehbein et al., 
2010) 
15168 (M=15.3) 
adolescent, national 
representative data 
in German 
Video Game Dependency Scale 
(14 items) 
1.7% dependent 
on video games 
average 2.35 h 
daily. 12.6% girl 
and 39% boys are 
characterized as 
extensive 
gamers(>2.5 h 
daily), 4.43h daily 
for dependence 
 
Lower grades at school, higher 
school absenteeism, less time of 
sleep, sleep disturbance, 
frequent thoughts of suicide  
(Ghassemzadeh et 
al., 2008) 
1968  (14-16) high 
school students in 
Iranian, selected 
randomly through 
clustering 
 
Internet Addiction Test (Dauriat, 
Zermatten, Billieux, Thorens, & 
Bondolfi)- Young’s Diagnostic 
Questionnaire for Internet 
Addiction (20 items) 
1.9% internet 
addicts, 3.8% 
addicts and 
possible addicts 
NA Lower self-esteem, lonely, 
inappropriate social behaviors 
and fear of relations 
(Kim et al., 2006) 1573 high school 
students in South 
Korean 
 
Young’s Diagnostic 
Questionnaire for Internet 
Addiction (20 items) 
1.6% NA Correlated with Depression, 
suicidal ideation 
(Park, Kim, & Cho, 
2008) 
903 middle and high 
school students in 
Seoul South Korean, 
convenient sampling 
 
Young’s Diagnostic 
Questionnaire for Internet 
Addiction (20 items) 
10.7% get 70 
scores and 
higher 
NA Negative parenting attitudes, 
and family violence exposure 
were associated with internet 
addiction 
(K. S. Jang et al., 
2008) 
912 9th to 12th 
grades in South 
Korean, convenient 
sampling 
Young’s Diagnostic 
Questionnaire for Internet 
Addiction (20 items) 
4.3% got 70 
scores and 
higher 
Mean=3.55 h daily Hours spent on line, Obsessive-
compulsion and depression 
were significantly associated 
with internet addiction 
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Appendix Table A3 (cont.) 
 
    
Authors Sample size Measurement Percentage of 
internet 
addiction 
 
Daily use hours Correlated problems 
(Liberatore, 
Rosario, Marti, & 
Martinez, 2011) 
71 clinical sample 
for adolescent 
Young’s Diagnostic 
Questionnaire for Internet 
Addiction (20 items) 
 
 
0% NA Mood disorder 
(Durkee et al., 
2012) 
11956 (M-age=14.9) 
adolescent in 11 
European countries, 
random sampling 
 
Young Diagnostic Questionnaire 
for Internet Addiction (8 items) 
4.4% Average 3.75 h 
daily for 
pathological 
internet use group 
Separation with parents, parents 
neglect, unemployment of 
parents/guardian 
 
 
 
(Christakis et al., 
2011) 
224 (18-20)college 
students at two US 
universities 
 
Young’s Diagnostic 
Questionnaire for Internet 
Addiction (20 items) 
4% NA Depression 
(Wang et al., 2011) 14296 high school 
students in China 
Young’s Diagnostic 
Questionnaire for Internet 
Addiction (20 items) 
10.6% potential 
PIU 
(scores>50) 
9.9% of PIU spend 
more than 8 h 
daily, 5.5.% 6-8h, 
11.2% 4-6 h, 30% 
2-4h, 43% <2h  
More in internet cafe,  more for 
entertainment, more in 
vocational high school, very 
heavy study-related stress, 
conflictive family relationship, 
poor financial situation, less 
parental satisfaction, poor 
classmate relation 
 
(Peters & Malesky, 
2008) 
204 players of 
World of Warcraft 
(M-age=24.34) 
Problematic Usage-engagement 
Questionnaire 
NA average 29.11 h 
weekly 
NA 
(Zboralski et al., 
2008) 
120 (13-18)  
adolescents in 
Poland, convenient 
sampling 
 
 
 
Internet Addiction Questionnaire 
(45 questions) designed by author 
abusing 5.8% NA NA 
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Appendix Table A3 (cont.) 
 
    
Authors Sample size Measurement Percentage of 
internet 
addiction 
 
Daily use hours Correlated problems 
(Thomas & Martin, 
2010) 
 
2031 (12-27) middle 
school and college 
students in Australia 
Fisher’s screening checklists for 
video game addiction based on 
pathological gambling; Young’s 
Diagnostic Questionnaire for 
Internet Addiction (8 items) for 
computer and internet addiction 
 
Addiction to 
video games 
(4.2%), 
computer 
games (5%) and 
Internet (4.6%) 
video game >30 h 
9.4%, computer 
game >30 h 14.3%, 
Internet >30 h 
24.4% 
NA 
(Morrison & Gore, 
2010) 
1319 (16-51) in UK, 
convenient sampling 
 
Young’s Diagnostic 
Questionnaire for Internet 
Addiction (20 items) 
 
1.36% NA Depression 
(Yen, Ko, et al., 
2007) 
2114 high school 
students with mean 
age of 16.26; 
random sampling in 
Taiwan 
Chen Internet Addiction Scale, 
63/64 cut-off 
17.9% >= 20 h per week NA 
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 Appendix Table A4. Adolescents Internet/Gaming Addiction Longitudinal Studies 
 
Authors Participants Design Statistical 
method 
 
Results Limitations 
(Eijnden et 
al., 2008) 
663(12-15) in 
Netherland 
longitudinal design (6 months) SEM instant messaging was associated 
with compulsive internet use and 
depression 6 months later  
Not sure whether compulsive 
internet use would be 
associated with depression 6 
months later or depression 
would be associated with 
compulsive internet use 6 
months later 
 
(Lemmens et 
al., 2011) 
851(11-
17)adolescent in 
Dutch 
longitudinal design (6 months) SEM Higher levels of pathological 
gaming predicted an increase in 
time spent playing games 6 months 
later; and predicted an increase in 
physical aggression among boys 
 
Longer time effect and 
relationship was not known; 
both time spent on games and 
pathological gaming scores 
were not normally distributed 
 
(Chih-Hung 
Ko, Yen, 
Chen, et al., 
2009) 
2293 
adolescents in 
Taiwan 
Longitudinal design (2 years 
follow up, 4 waves) 
Univariate 
cox 
proportional 
hazard 
regression 
Using Chen’s scale, 10.8% were 
classified as internet addiction in 
wave1. Being male, playing online 
games/using internet every day or 
for more than 20 h weekly were risk 
factors for occurrence of IA in the 
follow ups; Hostility and ADHD 
significantly predicted occurrence 
of internet addiction, followed by 
depression and social phobia 
 
Not sure about the long term 
persistence of internet 
addiction problem.  
(Sun et al., 
2012) 
1761 
adolescents in 
China and 1182 
adolescents in 
USA 
Longitudinal design one year 
follow up; compulsive internet use 
contains Davis scale for internet 
use diminished impulse control 
four questions: I use the internet 
more than I ought to; I usually stay 
on the internet longer than I had 
planned; I failed to cut down on 
my use of internet; my use of 
internet was beyond my control 
Multi-level 
random 
coefficients 
modeling 
and 
structural 
equation 
modeling, 
path analysis 
CIU was not positively related with 
substance use at baseline; baseline 
CIU was associated with change of 
substance use for female 
participants, relationship between 
concurrent changes in CIU and 
substance use were found among 
female; baseline substance use did 
not predict an increase in CIU 
Combined sampling, 
externalization problem,  
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Appendix Table A4 (cont.) 
 
    
Authors Participants Design Statistical 
method 
 
Results Limitations 
(Dong, Lu, 
Zhou, & 
Zhao, 2011) 
59 fresh college 
students who 
were diagnosed 
as IA 2009, but 
not in 2008 
Pre and post tests; one year follow 
up 
Pairwise T 
test 
Obsessive-compulsive dimension in 
checklist-90 was significantly 
higher than normal before becoming 
internet addict, dimensions on 
depression, anxiety and hostility 
significantly increase with the 
change from non-IA to IA  
         
Without random comparison 
group, we are not sure the 
casual relationship between 
the change of depression, 
anxiety and hostility and the 
change of internet addiction.   
(D. A. Gentile 
et al., 2011) 
3034 children 
and adolescent 
in grade 3, 4, 7 
and 8, 
convenient 
sampling 
Longitudinal design, 2 years 
follow up and 3 waves 
Growth 
mixed 
modeling 
The prevalence of pathological 
gaming was about 9%. Greater 
amounts of gaming, lower social 
competence, and greater impulsivity 
seemed to be risk factors for 
pathological gamers; depression, 
anxiety, social phobia, and lower 
school performance seemed to act 
as outcomes of pathological gaming 
 
In  longitudinal growth curve 
model, model just control 
sex, not Wave 1 outcome 
variables, causal relationships 
between pathological gaming 
and depression/anxiety/social 
phobia, were not convincing 
(Fu et al., 
2010) 
208(15-19) 
adolescents 
A two-wave one year panel design Regression 
use 
generalized 
estimating 
equation 
IA group had significant higher 
increase rate for suicidal ideation 
and depression scores one year later 
However, the author did not 
control the depression in 
baseline. We are still not sure 
the change was due to 
internet addiction or 
depression itself. 
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Appendix Table A5. Depression and Conduct Disorder Measurements  
 
Dependent variable: Wave 3 
Depression (Based on modified 
Depression CES-D 10) 
 
Independent variable: Wave 1 & 2 
Depression (Based on modified CES-
D 20 (Radloff, 1977) 
Dependent variable: Wave 3 Conduct 
disorder (Based on DSM-IV-TR) 
Independent variable: Wave 1 
Conduct disorder (Based on DSM-
IV-TR) 
1 you were bothered by things that 
usually don’t bother you 
 
1 you were bothered by things that 
usually don’t bother you 
1 deliberately damage property that 
didn’t belong to you 
1 paint graffiti or signs on someone 
else’s property or in a public place. 
2 you could not shake off the blues, 
even with help from your family and 
your friends 
 
2 you didn’t feel like eating, your 
appetite was poor 
2 steal something worth more than 50 
dollars 
2 deliberately damage property that 
didn’t belong to you 
3 you felt that you were just as good 
as other people 
 
 
3 you feel that you could not shake 
off the blues, even with help from 
your family and your friends 
3 go into a house or building to steal 
something 
3 lie to your parents or guardians 
about where you had been or whom 
you were with 
4 you had trouble keeping your mind 
on what you were doing 
 
4 you felt that you were just as good 
as other people 
4 use or threaten to use a weapon to 
get something from someone 
4 take something from a store 
without playing for it 
5 you were depressed 
 
 
5 you had trouble keeping your mind 
on what you were doing 
5 sell marijuana or other drug 5 get into a serious physical fight 
6 you were too tired to do things, 
during the past seven days 
 
 
6 you felt depressed 6 steal something worth less than 50 
dollars 
6 hurt someone badly enough to 
need bandages or care from a doctor 
or nurse 
7 you enjoyed life 
 
 
 
7 you felt that you were too tired to 
do things 
7 take part in a fight where a group of 
your friends was against another 
group 
7 ran away from home 
8 you were sad 
 
 
8 you felt hopeful about the future 8 buy, sell, or hold stolen property 8 drive a car without its owner’s 
permission 
9 you felt that people disliked you 
 
 
 
9 you thought your life had been a 
failure 
9 use someone else’s credit card, bank 
card, or automatic teller card without 
their permissions or knowledge 
9 steal something worth more than 
50 dollars 
 10 you felt fearful 
 
10 deliberately write a bad check 10 go into a house or building to 
steal something 
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Appendix Table A5 (cont.) 
 
   
Dependent variable: Wave 3 
Depression (Based on modified 
Depression CES-D 10) 
 
Independent variable: Wave 1 & 2 
Depression (Based on modified CES-
D 20 (Radloff, 1977) 
Dependent variable: Wave 3 Conduct 
disorder (Based on DSM-IV-TR) 
Independent variable: Wave 1 
Conduct disorder (Based on DSM-
IV-TR) 
 11 you were happy 
 
 
11 use a weapon in a fight 11 use or threaten to use a weapon to 
get something from someone 
 12 you talk less than usual 
 
 
12 have you ever belong to a named 
gang 
12 sell marijuana or other drug 
 13 you felt lonely 
 
 
 
 
13 how often did you hurt someone 
badly enough in a physical fight that 
he or she needed care from a doctor or 
nurse 
13 steal something worth less than 
50 dollars 
 14 people were unfriendly to you 
 
  
 15 you enjoyed life 
 
  
 16 you felt sad 
 
  
 17 you felt that people disliked you 
 
  
 18 it was hard to get started doing 
things 
 
  
 19 you felt life was not worth living 
 
  
 20 had trouble falling asleep or 
staying asleep 
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Appendix Table A6. Variables Measurements in the Add Health Data (Harris, 2009) 
 
Constructs Measurement tools in Wave 1 Original 
variable 
names 
Constructs Measurement tools in Wave 1 Original 
variable 
names 
Schools School ID SCID Depression 10:1 past week, you were bothered by things 
that usually don’t bother you 
H1FS1 
Age 1:1 what is your birth date (month and 
year) 
H1GI1M 
H1GI1Y 
 10:2 you didn’t feel like eating, your appetite 
was poor 
H1FS2 
Gender 1male; 2 female BIO_SEX  10:3 you feel that you could not shake off the 
blues, even with help from your family and 
your friends 
H1FS3 
Ethnicity 1:4 are you Hispanic or Latino origin? H1GI4  10:4 you felt that you were just as good as 
other people 
H1FS4 
 1:6 what is your race? White  
H1GI6A 
 10:5 you had trouble keeping your mind on 
what you were doing 
H1FS5 
 Black or African American H1GI6B  10:6 you felt depressed H1FS6 
 American Indian or Native American H1GI6C  10:7 you felt that you were too tired to do 
things 
H1FS7 
 
 
Asian or Pacific Islander H1GI6D  10:8 you felt hopeful about the future H1FS8 
 Other H1GI6E  10:9 you thought your life had been a failure H1FS9 
 1:8 if there is >1 answer to Q6, which 
one category best describes your racial 
background 
H1GI8 
 
 10:10 you felt fearful H1FS10 
 1:9 interviewer code the race of the 
respondent from own observation 
H1GI9  10:11 you were happy H1FS11 
Single 
parents 
(family 
structure) 
H1hr3a-h1hr3t H1hr3a-h1hr3t  10:12 you talk less than usual H1FS12 
Resident 
mother’s 
education 
14: 1 how far in school did she go H1RM1  10:13 you felt lonely H1FS13 
Resident 
father’s 
education 
15:1 how far in school did he go H1RF1  10:14 people were unfriendly to you H1FS14 
BMI 3:59 current height-feet H1GH59A  10:15 you enjoyed life H1FS15 
 3:59 current height-inches H1GH59B  10:16 you felt sad H1FS16 
 3:60 current weight H1GH60  10:17 you felt that people disliked you H1FS17 
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Appendix Table A6 (cont.) 
 
    
Constructs Measurement tools in Wave 1 Original 
variable 
names 
 
Constructs Measurement tools  in Wave 1 Original 
variable 
names 
General 
Health 
3:1 in general, how is your health H1GH1  10:18 it was hard to get started doing things H1FS18 
Academic 
achievement 
GPA 
5:11 what was your grade in English or 
Language arts 
H1ED11  10:19 you felt life was not worth living H1FS19 
 5:12 what was your grade in math H1ED12 Conduct 
disorder 
29:1 in the past 12 months, how often did 
you paint graffiti or signs on someone else’s 
property or in a public place 
H1DS1 
 5:13 what was your grade in history or 
social studies 
H1ED13  29:2 deliberately damage property that didn’t 
belong to you 
H1DS2 
 5:14 what was your grade in science H1ED14  29:3 lie to your parents or guardians about 
where you had been or whom you were with 
H1DS3 
Self-esteem 18:30 you have a lot of good qualities H1PF30  29:4 take something from a store without 
playing for it 
H1DS4 
 18:32 you have a lot to be proud of  H1PF32  29:5 get into a serious physical fight H1DS5 
 18:33 you like yourself just the way 
you are 
H1PF33  29:6 hurt someone badly enough to need 
bandages or care from a doctor or nurse 
H1DS6 
 18:34 you feel like you are doing 
everything just about right 
H1PF34  29: 7 ran away from home H1DS7 
Personality  
type- 
Extraversion 
18:36 you feel loved and wanted H1PF36  29:8 drive a car without its owner’s 
permission 
H1DS8 
 18:35 you feel social accept H1PF35  29: 9 steal something worth more than 50 
dollars 
H1DS9 
Personality  
type-openness 
to experience  
18:14 you usually go out of your way 
to avoid having to deal with problems 
in your life 
H1PF14  29:10 go into a house or building to steal 
something 
H1DS10 
 18:15 difficult problems make you very 
upset 
H1PF15  29: 11 use or threaten to use a weapon to get 
something from someone 
H1DS11 
Personality  
type- 
agreeableness 
18:7  you never argue with anyone H1PF7  29:12 sell marijuana or other drug H1DS12 
 18: 13 you never criticize other people H1PF13  29:13 steal something worth less than 50 
dollars 
H1DS13 
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Appendix Table A6 (cont.) 
 
    
Constructs Measurement tools in Wave 1 Original 
variable 
names 
 
Constructs Measurement tools in Wave 1 Original 
variable 
names 
Personality  
type- 
conscientious
ness 
18: 16 when making decision, you 
usually go with your “gut feeling” 
without thinking too much about the 
consequence of each alternative 
H1PF16  29:14 take part in a fight where a group of 
your friends was against another group 
H1DS14 
 18:18 when you have a problem to 
solve, one of the first things you do is 
get as many facts about the problem as 
possible 
H1PF18  29:15 act loud, rowdy, or unruly in a public 
place 
H1DS15 
 18:19 when you are attempting to find 
a solution to a problem, you usually try 
to think of as many different ways to 
approach the problem as possible 
H1PF19 Play video or 
computer 
games 
2:10 how many hours a week do you play 
video or computer games 
H1DA10 
 18:20 when making decision, you 
generally use a systematic method for 
judging and comparing alternatives 
H1PF20 Heavy 
drinking 
28:17 over the past 12 months, on how many 
days did you drink five or more drinks in a 
row  
H2TO17 
 18:21 after carrying out a solution to a 
problem, you usually try to analyze 
what went right and what went wrong  
H1PF21  28:18 over the past 12 months, on how many 
days have you gotten drunk or “very, very 
high” on alcohol 
H1TO18 
Impulsivity 
(Wave 3) 
4:14 you blurted out answers before the 
questions had been completed 
H3RA14 Marijuana use 28:32 during the past 30 days, how many 
times have you used marijuana 
H1TO32 
 4:16 you had difficulty awaiting your 
turn 
H3RA16 Getting along 
with other 
students (peer 
rejection) 
 
5:18 getting along with other students H1ED18 
Parental 
attachment 
16:9 how close do you feel to your 
mother 
H1WP9 School 
attachment 
5: 19 How much do you agree or disagree 
with the following statements: you feel close 
to people at your school. 
H1ED19 
 16:10 how much dose our mom care 
about you 
H1WP10  5:20 you feel like you are part of your school H1ED20 
 16:13 how close do you feel to your 
father 
H1WP13  5:222 you are happy to be at your school H1ED22 
 16:14 how much does your father care 
about you 
H1WP14    
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Appendix Table A6 (cont.) 
 
    
Constructs Measurement tools in Wave 1 Original 
variable 
Names 
 
Constructs Measurement tools in Wave 1 Original 
variable 
names 
 18:1 most of the time, your mother is 
warm and loving toward you 
H1PF1 Neighborhood 
closeness 
36:1 you know most of the people in your 
neighborhood 
H1NB1 
 18:23 most of time, your father is warm 
and loving toward you 
H1PF23  36:2 In the past month, you have stopped on 
the street to talk with someone who lives in 
your neighborhood 
H1NB2 
 18:4 you are satisfied with the way our 
mother and you communicate with 
each other 
H1PF4  36:3 People in this neighborhood look out for 
each other 
H1NB3 
 18:5 overall, you are satisfied with your 
relationship with your mother 
H1PF5  36:4 do you have a physical fitness or 
recreation center in your neighborhood 
H1NB4 
 18:24 you are satisfied with the way 
our father and you communicate with 
each other 
H1PF24  36:5 do you usually feel safe in your 
neighborhood 
H1NB5 
 18:25 overall, you are satisfied with 
your relationship with your father 
H1Pf25  36:6 on the whole, how happy are you with 
living in your neighborhood 
H1NB6 
Parent 
involvement 
16: 17 go shopping in past 4 weeks H1WP17A Religious 
participation 
37: 3 in the past 12 months, how often did 
you attend religious services 
H1RE3 
-Spend time 
with mother 
16: 17 play a sport H1WP17B  37: 4 how important is religion to you H1RE4 
 16: 17 go to religious services or 
church-related event 
H1WP17C  37: 6 how often do you pray H1RE6 
 16: 17 go to a movie, play, museum, 
concert, or sports event 
H1WP17E Parent 
supervision 
16: 17 talked about someone you are dating H1WP17D 
 16: 17 worked on a project for school H1WP17I -Mother 
supervision 
16: 17 had a talk about a personal problem H1WP17F 
-Spend time 
with father 
16: 18 go shopping in past 4 weeks H1WP18A  16: 17 had serious argument about your 
behavior 
H1WP17G 
 16: 18 play a sport H1WP18B -Father 
supervision 
16: 18 talked about someone you are dating H1WP18D 
 16: 18 go to religious services or 
church-related event 
H1WP18C  16: 18 had a talk about a personal problem H1WP18F 
    16: 18 had serious argument about your 
behavior 
 
H1WP18G 
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Appendix Table A6 (cont.) 
 
    
Constructs Measurement tools in Wave 1 Original 
variable 
Names 
 
Constructs Measurement tools in Wave 1 Original 
variable 
names 
 16: 18 go to a move, play, museum, 
concert, or sports event 
H1WP18E  16: 18 talk about school work or grade H1WP18H 
 
 
16: 18 worked on a project for school H1WP18I  16: 17 talk about school work or grade H1WP17H 
 16: 18 talked about other things doing 
in school 
H1WP18J  16: 17 talked about other things doing in 
school 
H1WP17J 
    16:4 do your parents let you make your own 
decisions about how much TV you watch 
H1WP4 
    16:6 do your parents let you make your own 
decision about time go to bed on week night 
 
H1WP6 
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Appendix Table A7. Outcome Variables Measurement in the Add Health Data (Harris, 2009) 
 
Constructs  Measurement in Wave1 Variable 
names in 
Wave1 
 
Measurement in Wave2 Variable 
names in 
Wave2 
 
Measurement in Wave3 Variable 
names in 
Wave3 
 
Play video or 
computer 
games 
 2:10 how many hours a 
week do you play video or 
computer games 
H1DA10 2:10 how many hours a 
week do you play video 
or computer games 
H2DA10 33:5 on the average, how 
many hours a week do you 
spend playing video or 
computer games, or using a 
computer for something 
other than school work 
H3DA5 
Sleep 
problem 
 3:18 trouble falling asleep 
or staying asleep 
H1GH18     
Depression  10:1 past week, you were 
bothered by things that 
usually don’t bother you 
H1FS1 10:1 in the past seven 
days, how often you 
were bothered by things 
that usually don’t 
bother you 
H2FS1 12:5 past week, you were 
bothered by things that 
usually don’t bother you 
H3SP5 
  10:2 you didn’t feel like 
eating, your appetite was 
poor 
H1FS2 10:2 you didn’t feel like 
eating, or your appetite 
was poor 
H2FS2 12:6 you could not shake off 
the blues, even with help 
from your family and your 
friends 
H3SP6 
  10:3 you feel that you 
could not shake off the 
blues, even with help from 
your family and your 
friends 
H1FS3 10:3 you feel that you 
could not shake off the 
blues, even with help 
from your family and 
your friends 
H2FS3 12:7 you felt that you were 
just as good as other people 
H3SP7 
  10:4 you felt that you were 
just as good as other 
people 
H1FS4 10:4 you felt that you 
were just as good as 
other people 
H2FS4 12:8 you had trouble 
keeping your mind on what 
you were doing 
H3SP8 
  10:5 you had trouble 
keeping your mind on what 
you were doing 
H1FS5 10:5 you had trouble 
keeping your mind on 
what you were doing 
H2FS5 12:9 you were depressed H3SP9 
  10:6 you felt depressed H1FS6 10:6 you felt depressed H2FS6 12:10 you were too tired to 
do things, during the past 
seven days 
H3SP10 
  10:7 you felt that you were 
too tired to do things 
H1FS7 10:7 you felt that you 
were too tired to do 
things 
H2FS7 12:11 you enjoyed life H3SP11 
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Appendix Table A7 (cont.) 
 
     
Constructs  Measurement in Wave1 Variable 
names in 
Wave1 
 
Measurement in Wave2 Variable 
names in 
Wave2 
 
Measurement in Wave3 Variable 
names in 
Wave3 
 
  10:8 you felt hopeful about 
the future 
H1FS8 10:8 you felt hopeful 
about the future 
H2FS8 12:12 you were sad H3SP12 
  10:9 you thought your life 
had been a failure 
H1FS9 10:9 you thought your 
life had been a failure 
H2FS9 12:13 you felt that people 
disliked you 
H3SP13 
  10:10 you felt fearful H1FS10 10:10 you felt fearful H2FS10   
  10:11 you were happy H1FS11 10:11 you were happy H2FS11   
  10:12 you talk less than 
usual 
H1FS12 10:12 you talk less than 
usual 
H2FS12   
  10:13 you felt lonely H1FS13 10:13 you felt lonely H2FS13   
  10:14 people were 
unfriendly to you 
H1FS14 10:14 people were 
unfriendly to you 
H2FS14   
  10:15 you enjoyed life H1FS15 10:15 you enjoyed life H2FS15   
  10:16 you felt sad H1FS16 10:16 you felt sad H2FS16   
  10:17 you felt that people 
disliked you 
H1FS17 10:17 you felt that 
people disliked you 
H2FS17   
  10:18 it was hard to get 
started doing things 
H1FS18 10:18 it was hard to get 
started doing things 
H2FS18   
  10:19 you felt life was not 
worth living 
H1FS19 10:19 you felt life was 
not worth living 
 
H2FS19   
Conduct 
disorder 
 29:1 in the past 12 months, 
how often did you paint 
graffiti or signs on 
someone else’s property or 
in a public place 
H1DS1 28:1 in the past 12 
months, how often did 
you paint graffiti or 
signs on someone else’s 
property or in a public 
place 
H2DS1 26:1 in the past 12 months, 
how often did you 
deliberately damage 
property that didn’t belong 
to you 
H3DS1 
  29:2 deliberately damage 
property that didn’t belong 
to you 
H1DS2 28:2 deliberately 
damage property that 
didn’t belong to you 
H2DS2 26:2 steal something worth 
more than 50 dollars 
H3DS2 
  29:3 lie to your parents or 
guardians about where you 
had been or whom you 
were with 
 
H1DS3 28:3 lie to your parents 
or guardians about 
where you had been or 
whom you were with 
H2DS3 26:3 go into a house or 
building to steal something 
H3DS3 
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Appendix Table A7 (cont.) 
 
     
Constructs  Measurement in Wave1 Variable 
names in 
Wave1 
 
Measurement in Wave2 Variable 
names in 
Wave2 
 
Measurement in Wave3 Variable 
names in 
Wave3 
 
  29:4 take something from a 
store without playing for it 
H1DS4 28:4 take something 
from a store without 
playing for it 
H2DS4 26:4 use or threaten to use a 
weapon to get something 
from someone 
H3DS4 
  29:5 get into a serious 
physical fight 
H1DS5 28:5 run away from 
home 
H2DS5 26:5 sell marijuana or other 
drug 
H3DS5 
  29:6 hurt someone badly 
enough to need bandages 
or care from a doctor or 
nurse 
H1DS6 28:6 drive a car without 
its owner’s permission 
H2DS6 26:6 steal something worth 
less than 50 dollars 
H3DS6 
  29:7 ran away from home H1DS7 28:7 steal something 
worth more than 50 
dollars 
H2DS7 26:7 take part in a fight 
where a group of your 
friends was against another 
group 
H3DS7 
  29:8 drive a car without its 
owner’s permission 
H1DS8 28:8 go into a house or 
building to steal 
something 
H2DS8 26:8 buy, sell, or hold stolen 
property 
H3DS8 
  29:9 steal something worth 
more than 50 dollars 
H1DS9 28:9 use or threaten to 
use a weapon to get 
something from 
someone 
H2DS9 26:9 use someone else’s 
credit card, bank card, or 
automatic teller card 
without their permissions or 
knowledge 
H3DS9 
  29:10 go into a house or 
building to steal something 
H1DS10 28:10 sell marijuana or 
other drug 
H2DS10 26:10 deliberately write a 
bad check 
H3DS10 
  29:11 use or threaten to use 
a weapon to get something 
from someone 
H1DS11 28:11 steal something 
worth less than 50 
dollars 
H2DS11 26:11 use a weapon in a 
fight 
H3DS11 
  29:12 sell marijuana or 
other drug 
H1DS12 28:12 act loud, rowdy, 
or unruly in a public 
place 
H2DS12 26:12 carry a handgun at 
school or work 
H3DS12 
  29:13 steal something 
worth less than 50 dollars 
H1DS13 28:13 take part in a 
fight where a group of 
your friends was 
against another group 
 
H2DS13 26:13 have you ever belong 
to a named gang 
H3DS13 
121  
 
Appendix Table A7 (cont.) 
 
     
Constructs  Measurement in Wave1 Variable 
names in 
Wave1 
 
Measurement in Wave2 Variable 
names in 
Wave2 
 
Measurement in Wave3 Variable 
names in 
Wave3 
 
  29:14 take part in a fight 
where a group of your 
friends was against another 
group 
H1DS14 28:14 have you been 
initiated into a named 
gang 
H2DS14 26:17 how often did you 
hurt someone badly enough 
in a physical fight that he or 
she needed care from a 
doctor or nurse 
H3DS17 
  29:15 act loud, rowdy, or 
unruly in a public place 
 
H1DS15     
Substance 
abuse 
 28: 12 have you had a 
drink of beer, wine, or 
liquor more than 2 or 3 
times in your life 
H1TO12   28:37 since June 1995, have 
you had a drink of beer, 
wine, or liquor more than 
two or three times?  
H3TO37 
  28:15 during the past 12 
months, on how many days 
did you drink alcohol 
H1TO15   28:38 during the past 12 
months, on how many days 
did you drink alcohol 
H3TO38 
  28:16 during past 12 
months, how many drinks 
did you usually have each 
time 
H2TO16   28:39 during past 12 
months, how many drinks 
did you usually have each 
time 
H3TO39 
  28:17 over the past 12 
months, on how many days 
did you drink five or more 
drinks in a row  
H2TO17   28:40 during the past 12 
months, on how many days 
did you drink five or more 
drinks in a row 
H3TO40 
  28:18 over the past 12 
months, on how many days 
have you gotten drunk or 
“very, very high” on 
alcohol 
H1TO18   28:43 during the past 12 
months, on how many days 
have you been drunk or very 
high on alcohol 
H3TO43 
  28:20 over the past 12 
months, how many times 
you got into trouble with 
your parents because you 
had been drinking 
H1TO20   28:45 during the past 12 
months, how many times 
you have had problem at 
school or with school work 
because you had been 
drinking 
H3TO45 
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Appendix Table A7 (cont.) 
 
     
Constructs  Measurement in Wave1 Variable 
names in 
Wave1 
 
Measurement in Wave2 Variable 
names in 
Wave2 
 
Measurement in Wave3 Variable 
names in 
Wave3 
 
  28:21 over the past 12 
months, how many times 
you have had problem at 
school or with school work 
because you had been 
drinking 
H1TO21   28: 46 during the past 12 
months, how many times 
you had problems with your 
friends because you had 
been drinking 
H3TO46 
  28:22 over the past 12 
months, how many times 
you had problems with 
your friends because you 
had been drinking 
H1TO22   28:47 during the past 12 
months, how many times 
you had problems with 
someone you were dating 
because you had been 
drinking 
H3TO47 
  28:23 over the past 12 
months, how many times 
you had problems with 
someone you were dating 
because you had been 
drinking 
H1TO23   28:48 during the past 12 
months, how many times 
did you get into a physical 
fight because you had been 
drinking 
H3TO48D 
  28:28 over the past 12 
months, how many times 
did you get into a physical 
fight because you had been 
drinking 
H1TO28   28:49 since June 1995, have 
you driven while drunk 
H3TO49 
  28:31 during your life, how 
many times have you used 
marijuana 
H1TO31   28:108 since June 1995, 
have you used marijuana 
H3TO108 
  28:32 during the past 30 
days, how many times 
have you used marijuana 
H1TO32   28:109 in the past year, have 
you used marijuana 
H3TO109 
  28:35 during your life, how 
many times have you used 
cocaine 
 
 
H1TO35   28:110 during the past 30 
days, how many times have 
you used marijuana 
H3TO110 
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Appendix Table A7 (cont.) 
 
     
Constructs  Measurement in Wave1 Variable 
names in 
Wave1 
 
Measurement in Wave2 Variable 
names in 
Wave2 
Measurement in Wave3 Variable 
names in 
Wave3 
  28:36 during the past 30 
days, how many times 
have you used cocaine 
H1TO36   28:111 since June 1995, 
have you used any kind of 
cocaine-including crack, 
freebase, or powder 
H3TO111 
  28:38 during your life, how 
many times have you used 
inhalants, such as glue or 
solvents 
H1TO38   28:112 in the past year, have 
you used any kind of 
cocaine 
H3TO112 
  28:39 during the past 30 
days, how many times 
have you used inhalants 
H1TO39   28:113 during the past 30 
days, how many times have 
you used any kind of 
cocaine 
H3TO113 
  28:41 during your life, how 
many times have you used 
any of these types of illegal 
drugs 
H1TO41   28:114 since June 1995, 
have you used crystal meth 
H3TO114 
  28:42 during the past 30 
days, how many times 
have you used any of these 
types of illegal drugs 
H1TO42   28:115 in the past year, have 
you used crystal meth 
H3TO115 
Education 
outcomes 
     7:1 Highest grade or year of 
regular school completed 
H3ED1 
      7:3 Received high school 
diploma 
 
H3ED3 
Health 
outcome 
     9:1 Respondent’s health 
status 
H3GH1 
      34: Measured height in feet H3HGT_F 
      34: Measured height in inch H3HGT_I 
      34: Measured height, partial 
inch 
H3HGT_PI 
      34: Measured weight H3WGT 
 
124  
